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PREFACE. 


I  KNOW  not  of  any  work  profefledly 
written  on  Diftortions  of  the  Spine,  with  a 
view  of  inveftigating  the  ftate  of  mechani- 
cal defed:,  and  of  afcertaining  the  maximum 
of  relief  which  may  be  derived  from  artifi- 
cial contrivances. 

Gliflbn,  in  his  Treatife  on  Rickets,  al- 
though he  attributes  diftoftion  to  the  action 
of  a  peculiar  kind  of  virus,  yet  he  adopted 
a  mpde  of  extenfion,  by  fwinging  a  child  on 
an  efcarpolette :  an  infant  cannot  fuffer  fuch 
a  fufpenfion  for  more  than  a  quarter  of  an 
hour,  a  time  too  fhort  to  afford  the  leafl  re* 
lief.  Heifter  fuppofed  that  a  diftortion  might 
be  removed  by  means  of  a  continual  pref- 
fure;  with  this  view  he  firft  made  ufe  of  a 
back  board.  It  requires  but  little  knowledge 
of  mechanics  to  demonftrate  the  inefficaty 
of  fuch  a  mode,  and  ftill  lefs  knowledge  of 

a  phyfiology, 


phyfiology,  Nto  point  out  the  great  impro- 
priety of  fuch  an  application:  fome  in- 
ffcmces  are  recorded  where  the  moft  excru^ 
ciating  tortures  have  been  inflicted  when  this 
method  has  been  carried  to  a  greater  extent  $ 
the  cafe  of  Madame  de  Montmorenci  is  il- 
luftrative  of  this.  Dr.  Ronchin  thought  of 
reducing  the  diftortion  of  her  fpine  by 
means  of  a  violent  preffure;  we  can  no  longer 
wonder  at  the  mode  of  his  treatment,  when 
we  read  his  proximate  caufe  of  the  difeafe* 
s<  Une  luxation  de  deux  vertebres  par  un 
u  catarrh  tombe  du  cerveau  fur  Vepine" 

When  the  celebrated  Mayou  and  Petit  had 
•  obferved  that  the  moft  rational  method  of 
affording  relief  was  to  take  off  the  weight 
of  the  head  and  of  the  fuperior  parts,  fome 
attention  was  paid  to  the  construction  of 
machines  conducive  to  fuch  an  effect. 

In  the  fourth  volume  of  the  Memoirs  of 
the  Royal  Academy  of  Surgery  "of  Paris, 
p.  605,  there  is  a  fhort  Effay  de  la  coubure 
de  repine,  where  an  inftrument  is  propofed 
to  take  off  the  weight  of  the  head,  con- 
itructed  in  a  fimilar  manner  with  the  fpinal 
machines  which  are  made  ufe  of  by  Mr, 
I  ones  and  others*    I  have  endeavoured  ta 

prove, 
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prove,  upon  principles  that  are  not  merely 
fpeculative,  that  the  relief  afforded  by  ab- 
ftradting  the  weight  of  the  head  is  propor- 
tionally fmall  to  what  is  requifite,  and  few 
there  are  who  can  fubmit  to  the  continued 
uncomfortable  prefTure  of  fuch  a  machine ; 
the  deftruction  of  all  motion  of  the  head, 
and  the  interruption  to  the  circulation  through 
the  temporal  veffels,  increafe  the  languid 
Hate  peculiar  to  rachitic  conftitutions,  and 
ultimately  aggravate  that  complaint  which  it 
was  intended  to  relieve. 

We  fhould  endeavour  to  remove  the  whole 
bearing  on  the  weakened  portion,  by  fup- 
porting  that  point  where  the  united  powers 
of  the  corporeal  mafs  tend.  This  point, 
ufually  known  by  the  name  of  centre  of 
gravity,  varies  in  its  pofition  according  to 
the  ftate  of  diftortion,  to  the  afcertain- 
ment  of  which  is  the  principal  purport  of 
the  following  Effay. 

To  this  point  the  centre  of  action  of  our 
inftruments  fhould  be  applied,  and  fuch 
may  eafily  be  effected  without  producing  the 
leaft  uncomfortable  fenfation,  and  be  perma- 
nently worn  with  not  only  eafe  to  the  pa- 
tient, but  alfo  invifible  to  others. 
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It  does  not  appear  that  there  is  ever  the 
leaft  neceffity,  in  any  cafe  of  diftortion,  of 
controlling  the  head  by  the  application  of 
inftruments,  which,  in  the  generality  of 
cafes,  injure  more  than  they  afTift.  It  is  not 
merely  the  distortion  to  be  confidered,  all 
circumftances  relative  to  the  conftitution 
fhould  be  maturely  inveftigated ;  not  only 
the  afcertainment  of  the  deficiency  of  fup- 
port  from  the  ftate  of  incurvation,  to  regu- 
late the  power  of  our  inftrument,  alfo  of 
the  caufe  from  whence  the  difeafe  may  have 
originated. 

How  empirical  would  our  practice  be  if 
our  treatment  fhould  be  uniformly  the  fame, 
whether  the  diftortioii  is  conftitutional,  or 
arifing  from  any  permanent  preffure,  or  ex- 
ternal violence. 

Such  we  find  is  the  cafe  by  relinquifhing 
this  important  branch  of  furgery  to  thofe 
who,  from  their  purfuits,  cannot  be  expected 
to  have  any  idea  of  the  animal  ceconomy ; 
the  fame  formed  inftrument  is  indifcrimi- 
nately  ufed,  whatever  may  be  the  nature  of 
the  diftortion ;  no  refpedl  is  paid  to  the  ftate 
of  the  conftitution,  the  robuft  and  the  deli- 
cate are  treated  fimilar ;  the  fpine  is  adted  oa 

like 
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like  a  piece  of  iron,  as  if  it  could  be  ham-* 
mered  and  tempered  at  will. 

Why  this  furgical  department  fhould  have 
peculiarly  fallen  into  the  hands  of  mecha- 
nics, may  in  fome  refpefts  be  owing  to  the 
abfurd  practice  of  fome  profeffional  charac- 
ters. Thus  in  the  Orthopedia  of  Dr.  An- 
dry,  we  find  recommended  the  placing  the 
child's  back  on  a  large  loaf,  quite  hot  from 
the  oven,  and  the  cruft  removed,  and  there 
to  remain  till  the  loaf  cools ;  this  repeated 
every  morning  for  nine  times,  and  if  pain 
is  produced  the  prognofis  is  good. 

Such  magic  remedies  as  thefe  might  be  ad- 
miffible  in  the  elegant  Latin  poems  of  the 
Bcedotrophia  of  Scevole  de  Sainte  Marthe, 
or  the  Callipedia  of  Claude  Quillet. 

In  a  voluminous  work,  profeffedly  writ- 
ten on  diftortions  by  one  of  the  firft  Parifian 
practitioners,  what  can  we  think  of  princi- 
ples on  which  fuch  practice  is  founded  ? 

To  thofe  who  have  paid  fome  attention  to 
mechanical  purfuits,  I  fubmit  the  following 
Eflay ;  if  in  any  part  I  fliould  not  have  ex- 
prefled  my  fentiments  with  that  perfpicuity 
which  is  neceffary,  I  fhould  deem  any  per- 
sonal reference  an  honour,  and  fliould  be 

happy 
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happy  in  fubmitting  to  any  one's  inveftiga- 
tion  the  conftru&ion  of  thofe  inftruments 
which  I  haye,  and  which  appear  to  me  re- 
poncileable  to  the  fubfequent  theory. 

The  Effay  on  the  Motive  Power  of  ani- 
mals would  have  been  more  correct,  had  I 
fonfulted  Mr.  Coleman,  the  ingenious  Pro- 
feflbr  of  the  Veterinary  College,  whofe 
friendly  liberality  I  have  heretofore  experi- 
enced, and  from  whofe  extenfive  informa- 
tion I  might  have  derived  conliderable  ad- 
vantage. 

The  Effays  on  the  Senfes  and  the  Properr 
ties  of  Matter  are  the  outlines  of  what  I 
have  lately  prefumed  to  give  in  my  Ledtures 
on  Experimental  Philofophy ;  they  were  ar- 
ranged for  the  Student,  and  for  fuch  are  now 
publifhed  ;  they  were  drawn  up  with  a  view 
of  removing  any  fcepticifm  which  might 
be  founded  on  any  fuppofed  fallacioufnefs  of 
the  fenfes,  or  on  the  ideal  powers  on  which 
might  be  imagined  depends  the  exiftence  of 
matter. 

If  by  any  exertions  of  mine  the  fhidy  of 
philofophy  fhould  any  ways  be  facilitated, 
if  by  any  explanations  I  have  attempted  the; 
fundamental    principles    fhould   be  eafier 

comprehended. 
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tonipfehended,  my  purpofe  will  be  fully  afiM 
fwered. 

Some  opinions,  which  to  me  appeal*  new, 
I  fubmit  with  the  utmoft  deference  to  the 
Public;  if  they  are  probably  right,  their 
candour  will  admit  them ;  if  they  are  erro- 
neous,  their  corre&ions  will  be  refpedtfully 
attended  to. 

For  the  freedom  I  have  indulged  in  with 
fefpedl  to  the  infertion  of  fo  many  notes, 
will,  I  hope,  be  excufed,  as  it  is  only  for 
the  ypung  philofopher  I  now  write,  and  for 
whom  I  have  ftudioufly  embraced  every  op- 
portunity of  attempting  to  explain  any  cir- 
cumftance.  whether  direCtly  or  indirectly 
connected  with  my  fubjed:. 

To  Mr.  J.  Parkinfon  I  feel  myfelf  peculi- 
arly indebted  for  the  affiftance  which  his  in- 
comparable Mufeum  has  afforded  me.  If  I 
might  prefume  to  didtate  to  the  Student  in 
Philofophy,  I  would  earneftly  recommend  him 
to  devote  a  portion  of  his  time  to  a  minute 
examination  of  the  valuable  collection  in  the 
Lever ian  Mufeum-  there  he  would  fee  Na- 
ture in  her  beft  attire,  her  moft  valuable 
productions  difplayed  to  the  greateft  advan- 
tage j  what  he  reads,  he  would  here  find  ex- 
2  emplified^ 
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amplified ;  and  whatever  branch  of  Natural 
Philofophy  may  be  more  peculiarly  his  ob- 
ject, he  would  herd  meet  with  every  illuf- 
trative  fpecimen. 

N.  B.  For  the  accommodation  of  Stu- 
dents, Mr.  Parkinfon,  the  prefent  Proprie- 
tor, has  reduced  the  fubfcription  to  Two 
Guineas  for  half  a  year,  for  which  time  any 
perfon  may  daily  vifit  the  Mufeum,  and 
remain  there  as  long  as  it  is  agreeable.  If  a 
Student  Ihould  devote  an  hour  or  two  daily 
in  examining  the  fpecimens  illuflrative  of 
his  ftudies,  at  the  expiration  of  fix  months 
he  would  be  convinced  of  the  value  of  his 
acquisition, 
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SPINE; 

IjY  the  Spine  is  meant  that  chain  of  bones  which 
follow  one  another,  without  interruption,  from 
the  os  occipitisi~or  the  hinder  part  of  the  head, 
along  the  pofterior  part  of  the  body,  forming  a 
jpillar  of  fupport  to  the  animal  machine*  , 

The  bones  which  form  the  Spine  are  ufually 
known  by  the  name  of  Vertebrae*,  thus  called, 
becaufe  on  thefe  the  feveral  motions  of  the  trunk 
of  our  bodies  are  performed. 

The  Spine  fomewhat  refembles  two  unequal 
pyramids  joined  in  a  common  bafe.  It  is  not, 
however,  ftraight,  but  ferpentine  in  its  direction, 
and  is  commonly  divided  into  true  and  falfe  ver- 
tebrae ;  the  former  conftituting  the  long  upper  py- 


*  Vertebra  is  derived  from  <&erto,  to  turn. — Cervix  e  multis 
~'(rtebratifque  orbiculatim  offibus  flexilis,—P//w,  i  j.  37. 
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ramid,  which  has  its  bafe  below,  while  ttie  falfe 
vertebrae  make  the  fhorter  lower  pyramid,  whofe 
bafe  is  above. 

The  true  vertebrae  are  the  twenty-four  upper 
bones  of  the  Spine  :  as  on  thefe  the  motions  of 
the  trunk  folely  depend,  they  alone  will  be  the 
fubjeft  of  invelligation  of  this  little  Effay. 

The  vertebrae,  conftituting  fo  many  different 
joints,  muft  in  their  refpeclive  motions  move  the 
fuperincumbent  mafs,  the  weight  neceffarily  in- 
creasing on  each  vertebra  the  nearer  it  is  fituated 
to  the  bafe. 

When,  from  any  conftitutional  affections  or  lo- - 
cal  injury,  the  curvature  of  the  Spine  becomes 
altered,  what  at  firft  wTas  but  a  flight  derangement, 
yet  difproportionate  to  the  weight  it  ought  to 
bear,  gradually  gives  way  to  the  fuperincumbent 
preflure,  and  ultimately  becomes  an  extenfive 
diftortion. 

In  its  earlier  ftage  a  tendency  to  incurvation 
may  in  general  be  remedied,  although  this  is  rarely 
the  cafe  when  in  a  more  advanced  period;  a  pre- 
vention of  its  increafe  becomes  an  object  of  con- 
ikleration. 

This  EfTay  is  only  intended  to  examine  what 
aid  artificial  contrivances  may  afford,  and  to  en- 
deavour to  afcertain,  on  pure  mechanical  prin- 
ciple*, how  far  we  may  approximate  the  admira- 
bly-regulated fupport  of  the  different  vertebrae  in 
their  natural  ftate  of  curvature,  that  we  may  give 

ftrength 
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frrength  to  that  part  which  is  affected,  and  yet  in- 
terrupt no  corporeal  motions ;  that  our  mechani- 
cal contrivances  be  as  (imple  and  light  as  poffible, 
neither  inconvenient  from  their  weight,  nor  trou- 
blefome  from  their  prefTure. 

In  the  firft  point  of  view  we  mall  regard  the 
Spine  as  a  pillar  of  fupport,  diverted  of  powers  of 
life,  and  fubject  to  fuch  laws  as  are  reducible  to 
the  principles  of  mechanics.  The  Spine  not  hav- 
ing thus  been  confidered,  is  the  reafon  why  the 
machines  hitherto  made  ufe  of  are  inadequate  to 
the  production  of  any  good  effect.  We  find  the 
fame  ill-contrived  braces  or  collars  applied  alike 
in  every  cafe,  whether  the  distortion  be  in  the 
neck,  the  back,  or  the  loins. 

In  an  inveftigation  of  any  mechanical  inftru- 
ment,  whofe  power  we  wifh  to  afeertain,  that  point 
which  tends  to  the  centre  of  the  earth,  with  the 
united  forces  of  all  the  gravitating  particles  of  that 
inftrument,  muft  previoufly  be  determined.  This 
common  point  is  called  the  Centre  of  Gravity. 
If  the  fame  body  varies  in  its  figure,  the  Centre 
of  Gravity  varies  in  its  pofition  alfo  :  fo  with  the 
Spine,  the  Centre  of  Gravity  is  regulated  by  the 
ftate  of  incurvation.  As  it  is  to  this  point  all  the 
powers  tend,  it  is  here  alfo  our  fupports  fhould  be 
given. 

By  fuch  a  mode  of  procedure  we  may  prefume 
that  great  practical  deductions  may  be  made;  that 
our  reafoning  may  not  be  uncertain  or  vague,  but 
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deducible  from  incontrovertible  principles;  that 
pur  powers  of  relief  may  be  greater,  becaufe  they 
may  be  more  certain. 

In  the  firft  place,  I  (hall  endeavour  to  point  out 
the  admirable  properties  of  the  natural-formed 
Spine,  to  {hew  the  convenience  of  its  curvilinear 
form,  although  in  fome  refpecls  there  appears  a 
diminution  of  flrength,  and  to  evince  that  great 
extent  of  motion  derived  from  the  vertebral 
portions. 

As  in  my  enquiries  refpe&ing  the  refiftance  of 
bodies  I  {hall  have  frequent  occafion  to  make 
ufe  of  the  terms  Centres  of  Gravity,  and  of  Per- 
cuffion,  it  may  not  be  deemed  improper  to  previ- 
oufly  explain  what  are  meant  by  thefe  terms,  as 
this  little  EfTay  may  fall  into  the  hands  of  thofe 
whofe  .avocations  may  not  admit  of  any  attention 
to  mechanicarpurfuits. 

CENTRE  OF  GRAVITY. 

IN  every  body  there  is  one  common  point 
which  tends  to  the  centre  of  the  earth,  with  the 
united  forces  of  all  the  gravitating  particles  which 
compofe  that  body,  which  point  is  called  its 
Centre  of  Gravity;  and  that  line  which  this  point 
would  defcribe  in-  falling  towards  the  earth  is 
called  the  line  of  direction,  and  always  perpen- 
dicular to  the  horizon.    Thus  in  every  building, 

however 
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however  inclined,  when  the  line  of  direction  falls 
within  its  bafe,  it  is  neceffarily  fupported,  as  is 
the  cafe  with  the  inclined  tower  at  Bologna.  In 
a  fphere,  the  Centre  of  Gravity  is  the  centre  of 
the  body  itfeff,  becaufe  round  this  point,  if  fuf- 
pended,  the  whole  would  revolve;  the  fpherical 
portion  of  one  fide  not  preponderating  that  on  the 
other,  the  whole  would  be  in  a^quilibrio. 

In  an  homogeneous  cylindrical  body  the  Centre 
of  Gravity  is  neceffarily  placed  in  the  middle  of 
the  axis;  in*  a  cone,  the  centre  is  in  the  axis, 
^hree-fourths  of  its  length  from  the  apex. 

CENTRE  OF  PERCUSSION. 

BY  the  Centre  of  Percuffion  is  meant  the  cen- 
tre of  the  ftriking  or  percuffive  power  of  a  body. 
When  a  body  is  thrown  into  motion,  fuppofing, 
at  the  inftant  fuch  motion  is  communicated,  the 
body  is  divided  into  many  equal  portions,  each 
portion  would  acquire  a  momentum  in  ratio  of  its 
diftance  from  the  centre  of  motion  ;  fo  that  one 
portion,  (ituated  at  double  the  diftance  of  another, 
would  have  double  momentum;  for  being  re- 
moved as  far  again  from  the  centre  of  motion  as 
the  other,  its  velocity,  or  the  fpace  through  which 
it  would  move  in  the  fame  time,  would  be  double; 
and  as  this,  multiplied  by  the  quantity  of  matter, 
e^preffes  the  momentum,  the  momenta  of  the  dif- 
ferent 


(  6  ) 

ferent  portions  will  necefTarily  be  in  the  ratio  of 
their  diftances. 

By  confidering  the  portions  as  unconnected, 
we  find  each  has  a  greater  percuffive  force  as  it 
is  more  remote  from  the  centre.  In  a  walking- 
flick,  in  giving  a  blow  therewith,  the  centre  of 
motion  is  in  the  hand :  we  are  very  feniible  that 
the  part  of  the  flick  more  remote  from  the  hand 
is  more  powerful  in  a  percuffive  or  ftriking  effect 
than  the  part  contiguous  to  the  hand.  As  every 
particle  of  the  flick  is  in  a  ftate  of  mechanical 
union,  the  feveral  powers  of  the  refpeclive  portions, 
all  united,  will  conftitute,  of  the  whole  flick,  one 
compound  force,  that  will  be  the  maximum  at  fome 
point  between  the  extremes,  i.  e.  if  we  confider 
the  flick  as  cylindrical,  the  Centre  of  Percuffion 
will  be  two-thirds  of  its  length  from  the  hand :  if, 
like  the  Spine,  of  a  conical  taper,  then  the  centre 
will  be  nearer  the  hand.  Thus  it  will  appear  that 
the  Centre  of  Percuflion,  in  a  moving  body,  i$ 
that  point  which,  if  acting  againft  an  immoveable 
obflacle,  the  motion  of  the  body  would  be  de-? 
ftroyed.  Jf  the  percuffive  forces  on  each  fide  of 
the  centre  were  not  equal,  the  one  fide  not  being 
counteracted  by  an  equivalent  force,  the  fuperior 
power  would  continue  to  move  forwards  after  the 
firoke,  fo  ihat  the  motion  of  the  whole  rod  woul$ 
j\ot  be  fpent  upon  the  obflacle.  When  we  find 
the  momenta  of  all  the  different  portions  are  reci~ 
pvorally  as  their  diftances  from  any  particular 

point, 
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point,  all  their  forces  are  concentrated  in  that 
point,  which  is  called  the  Centre  of  Percuffion.; 
It  may,  perhaps,  be  neceflary  to  obferve,  that 
with  vibrating  bodies  the  Centre  of  Percuffion 
and  the  Centre  of  Ofcillation  are  one  and  the 
fame;  the  Centre  of  Ofcillation,  in  a  moving 
pendulous  body,  being  that  point  where^  if  a 
corpufcle  were  fufpended,  it  would  vibrate  the 
fame  time  as  the  body  does. 

It  has  been  already  obferved,  that  the  Centre 
of  Percuffion,  in  any  even  homogeneous  body,  is 
two-thirds  of  its  length  remote  from  the  point  about 
which  it  moves:  fo  we  find  in  a  pendulum  that 
vibrates  feconds,  being  39-2  inches  long,  is 
ifochronal  to  the  vibration  of  any  ftraight  even 
rod,  whether  fquare  or  round,  whofe  length  is  58-8 
inches,  viz.  the  former  being  only  two-thirds  of 
the  length  of  the  latter :  as  in  many  bodies 
the  Centres  of  Ofcillation  and  Percuffion  do  not 
coincide,  they  cannot  be  indifcriminately  ufed. 

That  we  may  afcertain  the  ratio  of  the-ftrefs 
between  a  perpendicular  and  an  inclined  pillar, 
it  may  not  be  improper  previoufly  to  fhew  what 
fupport  an  horizontal  portion  would  bear ;  as  this 
cannot  be  known  till  the  Centres  of  Gravity  and 
Percuffion  are  given,  thefe  muft  previoufly  be. 
found. 

In  the  cylinder  AB.CDEF  put  AB  =  at 
and  the  area  of  the  circle  B  REG  r=  b.  and 
AL  =  x%  the  diftance  of  the  Centre  of  Gravity 

from 
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from  A>  x  b,  will  exprefs  the  contents  of 
that  portion  of  the  cylinder  A  N  M  and 
c— - x  X  b  the  content  of  the  remaining  por- 
tion. As  the  Centre  of  Gravity  has  equal  quan- 
tities of  matter  on  each  fide  xb  zz  ab  —  bx 
\-  x  ss  \a%  fo  that  L  is  the  Centre  of  Gravity 
trhalfAB. 

TO  ASCERTAIN  THE  CENTRE  OF 
PERCUSSION. 

If  we  put  AB  =  x>  the  area  of  the  circle 
£F  as  \  &f%  then  |  apx%  the  fluxion  of  the 
weights,  this  multiplied  by  the  length  or  velo- 
city, will  give  |  apxx-  ss  the  momenta,  the  fluxion 

of  the  forces  zz  |  apx*x\  whofe  fluent  ^~-3,  divi- 
ded by  the  momenta      \  will  give  L%x  zz  ~ 

A  B  for  the  centre  of  force  from  the  axis  A* 

Thefe  being  premifed,  let  us  put  g  zz  the: 
Centre  of  Gravity,  and  p  the  Centre  of  Per- 
cuflion. 

Suppofing  abc  is  a  tranfverfe  fe&ion,  znddt 
fg  are  ordinates  parallel  to  the  bafe,  and  infi- 
nitely near  each  other.  Suppofing  aczz  r,  be 
zz  s,  a  f  =  x,  fc  zz  y,  j  g  zz  z.  If  this 
cylinder  be  fupported  by  a  block  at  A  C  D,  and 
afted  upon  by  a  weight  at  D  W,  fo  as  to  break 
it,  it  mud  appear  evident  that  the  reparation 

rauft 
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rhuft  firft  take  place  at  the  pointy  (which  in,  a 
fufible  body  is  precifely  that  point  of  expanfion, 
at  which  it  would  become  fluid  by  heat)  and  the 
nearer  the  fibres  are  towards  b  c,  the  lefs  they  are 
acted  on  :  hence  at  f—  2-  and-of  all  the  fibres  in 

ab  c  d  ef g  zz  ^~  X  efy  and  the  fum  of  all  the 
powers  in  the  whole  fection,  equal  to  the  fum  of 
all  the  ^r1  X  tf,  let  g  and  p  exprefs  the  diftances 
of  the  Centre  of  Percuffiorij  and  Centre  of 
Gravity  from  eg  the  axis  of  motion;  therefore 
the  fum  of  all  the-^—  x  e  f  zz        x  abc>  there- 

r  r 

fore  the  ftrength  of  the  beam  at  a  —  ~-  x  ERG. 
If  we  fuppofe  the  length  A  B  zz  I  s  then 
~p  X  -~  x  ERG  will  exprefs  the  refiftance 
when  drawn  in  direction  of  its  length;  i.e.  fup- 
pofing  the  tibia  to  be  an  inch  in  diameter,  and  a 
foot  long,  if  fupported  at  both  ends,  and  3001b. 
would  break  it,  when  applied  lengthways  it 
would  require  27001b. 

N.  B.  In  the  former  part  it  was  fuppofed  the 
pillar  was  fupported,  in  an  horizontal  pofition, 
only  by  a  block  at  one  end  :  if  fupported  on 
both  ends,  and  the  weight  breaks  it  in  the  mid- 
dle, the  axis  of  motion  will  then  be  on  the  up-» 
per  fide,  and  from  this  the  Centres  of  Gravity 
and  Percuflion  mult  be  meafured,  as  the  un- 
der part  in  this  pofition  is  put  to  the  ftretch : 
in  this  cafe  we  mutt  divide  it  into  two  cy- 
_    C  linders, 


(   io  ) 

linders,  therefore  I  mud  be  taken  for  half  the 
length,  and  —7- x  ERG  for  half  the  refiftance. 

It  appears  that  a  cylinder  of  this  fize  will 
fupport  perpendicularly  nine  times  more  than  it 
will  horizontally;  not  that  this  is  an  univerfal 
ratio  in  every  length  of  cylinders,  for  they  may  be 
of  fuch  a  length  as  not  to  fupport  their  own  weight, 
as  the  ftrefs  increafes  in  a  greater  ratio  than  the 
flrength.  It  is  this  circumftance  that  limits  the 
magnitude  of  bones,  and  confequently  a  limit  to 
the  fize  of  animals :  when  the  fize  of  animals  is  di- 
minifhed,  their  ftrength  is  not  diminifhed  in  the 
fame  proportion.  We  fee  a  dog  will  carry  more 
than  its  own  weight,  which  a  horfe  could  hot  do. 
It  is  upon  this  principle,  is  eafily  explained  that 
mechanical  paradox,  where  a  part  mall  be  ftronger 
than  the  whole  :  a  piece  of  wood,  in  the  form  of  a 
triangular  prifm,  a  portion  being  cut  away  parallel 
to  the  bafe,  the  remaining  part  will  be  ftronger  than 
the  whole. 

*As  the  Spine  is  of  a  polygonal  form,  having 
two  convexities,  the  ftrefs  upon  any  particular 
vertebrae  will  be  as  the  cofine  of  elevation :  fup- 
pofing  AB  to  reprefent  the  Spine,  with  the  cur- 
vature AE  EB,  if  AC  be   coniidered  as  the 

abfciffa, 

*  Quod  ad  figuram  attinet,  ea  ad  {Equilibrium,  (ingularum 
que  partium  ufus  apta  eft. 

Nam  a  facro  lumbi  primum  in  priora  furgentes,  curvantes 
Oue  fe  retrorfum,  mox  reftiores,  in  potteriora  modice  inclinant, 

fmu- 
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abfcifla,  dc  and  a  b  will  be  ordinates,  as  being  per- 
pendicular to  the  abfcifla,  the  greateft  ordinate 
to  the  curve  AE  is  dc>  being  about  the  fixth 
cervical  vertebra,  and  of  the  arch  BE,  ab,  is  the 
greateft  about  the  third  lumbar  vertebra.  At  E 
the  ordinate  is  nothing,  as  it  there  touches  the 
abfcifla;  the  ftrefs  on  that  point  is  the  fame  as  if 
the  bearing  had  been  perpendicular:  now  as  ab 
is  fituated  3  J  inches  from  AC,  and  AB  being  18 
inches,  the  pre  flu  re  at  A  a&s  not  in  the  direction 
A  c,  but  in  the  courfe  AC  :  hence  the  ftrefs  upon 
c  will  be  as  the  length  of  the  lever  dc,  and  at  i9 
the  ftrefs  will  be  exprefled  by  ab,  as  ab  is  31  in. 

and  dc  n  in.  the  ftrefs  at  b  to  that  at  c  will  be 

4 

as  14  :  5.    If  we  put  E  a  ~  m  =z  10  inches  ab 

=  n  =  3!  in.  then  V n?  +  r?  zz  E  /,  fup- 
pofing  from  the  former  calculation  this  will  bear 
9  times  more  perpendicular  than  horizontal,  we 

  9  n 

fhall  have  V ' mz  -\-      :  m  :  :  9  :    /  ,  ,    ,  ~ 

that  is,  the  Spine,  if  perpendicular  throughout, 
would  bear  near  three  times  more  weight  than  it 
will  in  confequence  of  this  curvature ;   at  c  the 

firm  curvarnnis  eas  in  partes  direclo  :  eoque  thoracem  fuftinent 
commodms  neque  furgenti  eorum  in  priora  curvamini  obftant  ea, 
quae  in  ventre  repofita  funt. — Inde  ad  dornim  retrorfum  inclinans, 
leviter  a  fummo  inflexa  eft  curvaminis  iinu  direclo  in  priora. 
Ac  fie  conveniens  eft  ad  formam  capacitatis  thoracis  :  qui  ex  eo 
etiam  in  priora  nimium  non  inclinat.  A  dorfo  furfum  in  priora 
pervix  tendit,  modice  refiexa  recteque  caput  fuftinens_,  in  priora 
^uafi  pendulum,  Albin  de  Ratione  Spna. 

p  2  ,  preflure 
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preflure  will  be  as  much,  again  "as  if  perpendicular, 
for  14:5  : :  2.97  :  1  nearly. 

If  the  curvatures  of  all  natural- formed  Spines 
had  been  precifely  the  fame,  it  might  then  have 
been  neceffary  to  have  more  accurately  afcer- 
tained  the  points  of  inflection  and  retrogreffion, 
and  which  are  eafily  determined  in  any  ferpentine 
curve :  as  rarely  two  Spines  exactly  agree,  it 
becomes  unneceffary  to  be  minutely  particular. 
Nor  indeed  is  it  of  any  material  cpnfequence 
whether  the  admeafurements  here  aflumed  are 
very  exact,  as  the  deductions  will  be  nearly  thp 
fame. 

Here  then  would  appear  a  deficiency  in  the 
form  of  the  Spine;  it  would  appear  that  great 
lirength  was  facrificed  in  fuch  a  deviation  from  a 
perpendicular  column :  fuppoling  the  fpine  was 
ftraight,  and  divided  into  the  fame  vertebral 
divifions  or  joints  as  at  prefent,  in  almoft  every 
motion  of  the  human  body  the  deflection  from 
the  perpendicular  would  be  greater.  In  thofe 
pofuions  where  ftrength  is  more  peculiarly  re- 
quired it  would  become  proportionally  weakened; 
the  fame  as  is  daily  feen  in  the  conflruction  of 
carriage  wheels,  the  fpokes  or  radii  are  not  made 
to  be-prefled  upon  perpendicularly  in  their  com- 
mon motions,  I#*t  incline  towards  the  horizon, 
known  by  the  term  di/Jiing ;  that  in  a  cafe  of 
necefTity,  when  the  carriage  inclines  more  on  one 
fide,  as  this  inclines  the  radii  or  fpokes  become 

more 
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more  perpendicular,  and  more  enabled  to  bear 
the  requifite  preflure;  independent  of  this,  the 
motion  of  the  body  required  could  not  be  di- 
vided among  all  the  vertebras;  if  fo,  they  mull 
alfume  a  curvilinear  form,  and  confequently  the 
body  much  contracted,  but  the  joint  of  any  (ingle 
vertebra  would  not  admit  of  any  extenfive  mo- 
tion, without  endangering  the  medulla  fpinalis. 
From  the  beauteous  form  of  its  double  curvature 
it  preferves  nearly  an   uniformity  of  ftrength, 
admits  of  thofe  motory  changes,  without  being 
fubjecl:  to  any  inconvenience.    Thus,  viewing  the 
Spine  pofteriorly,  we  mail  find  that  by  inclining 
our  head  backwards,  fo  that  the  cervical  vertebras 
bend  within,  the  dorfal  vertebras,  in  a  propor- 
tionate manner,  lofe  of  their  curvature,  and  ap- 
proach nearer  the  perpendicular:  here  then  are 
great  advantages  derived  from  contrary  flexures 
admitting  of  motion  every  way  without  any  dimi- 
nution in  length:  although  by  fuch  an  inclination 
the  ftrefs  on  the  cervical  vertebras  is  increafed, 
yet  the  power  of  fupport  in  the  dorfal  is  propor- 
tionally augmented. 

Having  thus  endeavoured  to  point  out  the  great 
advantages  that  are  attendant  on  the  form  of  the  na- 
tural Spine,  I  {hall  now  attempt  to  {hew  the 
equally  good  effects  that  arife*from  its  articulatory 
divifions. 

Had  the  Spine  been  one  folid  curvilinear  pillar, 
only  having  powers  of  motions  at  each  extremity, 

L  e. 
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i.  e.  the  atlas  or  fuperior  cervical  being  one,  and 
the  inferior  lumbar  the  other;  if  fuch  were  the 
cafe,  we  mould  have  been  debarred  of  thofe 
gentle  declinations,  thofe  little  motions  we  are 
every  moment  making  ufeof;  for  in  every  change 
of  pofture  the  whole  abdominal  and  thoracic  mafs 
to  which  it  is  attached  would  undergo  an  exten- 
five  change  of  place.  In  our  gentle  inclination 
forwards,  we  mould  not  have  that  accommodating 
curvature  of  the  dorfal  vertebrae,  but  the  whole 
mafs  muft  have  been  unwieldly  moved.  If  the 
column  had  been  divided  into  two  or  three  arti- 
culations, then  the  whole  motion  of  the  Spine 
would  have  been  divided  amongPt  them,  and  con- 
fequently  in  each  would  have  been  too  great  for 
the  nervous  contents.  It  is  obferved  that  each 
vertebra  will  allow  of  the  motion  of  about  one- 
eighth  of  an  inch,  without  compreffing  in  the  leaft 
the  fpinal  marrow.  If  there  had  been  only  three 
vertebrae,  the  greater!  motion  the  Spine  would  have 
admitted  would  have  been  lefs  than  one  inch ;  as  the 
divifions  are  greater,  the  fame  little  motion  to  each 
in  the  accumulated  fum  will  be  extenfi.ve,  fuppofing 
the  Spine  24  inches  long,  the  inferior  lumbar  is 
two  inches  long;  if  this  vertebra  moves  one* 
eighth  of  an  inch,  with  refpecl:  to  its  joint,  it  will 
caufe  a  motion  in  the  atlas  in  the  ratio  of  their 
diftances  from  the  centre,  viz.  2  :  24  :  :  J  :  11 
viz.  one  inch  and  a  half;  the  fecond  lumbar  ver- 
tebra being  two  inches  from  its  centre  of  motion, 

whicla 
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which  is  22  from  the  atlas,  then  2  :  22  :  :  |  :  -f- 
—  one  inch  •§;  the  third  lumbar  vertebra  is  i  .  $ 
inch  from  its  centre ;  then  1 .  8  :  20  : :  £  :  1 . 4  :  fa 
thus  proceeding  with  every  vertebrae,  according 
to  its  length,  we  fhall  find  the  atlas,  with  refpe6t 
to  the  lowed  lumbar,  will  have  a  motion  of  near 
24  inches,  with  the  motion  of  J  from  the  latter. 

It  has  already  been  remarked,  that  every 
change  of  incurvation  of  the  Spine  mud  occafion 
a  fimilar  change  in  the  Centre  of  Gravity.  As 
this  is  the  point  where  the  centre  of  action  of  our 
inftruments  mould  be  applied,  the  afcdrtainment 
of  this  becomes  an  object  of  great  neceffity. 

The  Spine  will  flill  be  regarded  as  an  uncon- 
nected pillar  of  fupport,  as  perfectly  abftracted 
from  any  other  part  of  the  body  to  which  it  is 
attached. 

Suppofing  A  B  to  be  the  Spine,  as  the  vertebra? 
have  nearly  a  regular  gradation,  it  will  be  more 
fimple  to  felect  thofe  that  are  at  the  points  of 
inflection  and  retrogreffion,  the  Centre  of  Gravity., 
of  which  will  neceffarily  be  the  Centre  of  Gravity 
of  the  whole. 

If  CD  be  a  plane  perpendicular  to  the  horizon, 
and  D  E  perpendicular  to  C  D,  and  to  the  re- 
fpective  vertebrae,  the  ordinates  ah>  cd,  cf>  ghy 
ij,  be  drawn  perpendicular  to  C  D,  and  the  lines 
aky  ek%  cn>  gm,  jnt  perpendicular  to  DE}  thera 

a*&  +  c*d  +  tzf  +  g^h 
we  mail  have  - —  ■ — ■-  ,  6— — —  will  af~ 

6'+^    -Y  g  +  j 

certain-' 
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Certain  the  diflance  of  the  point,  or  Centre  of 
Gravity,  from  the  plane  CD,  and  — a<%''c  '.+  e 

•^-4— the  diflance  from  the  plane  D  E. 
g  +J 

In  order  to  facilitate  any  calculation  which 
may  be  made  of  the  powers  of  any  of  the  verte- 
bras, I  have  formed  a  table  of  eight  columns;  in 
which  the  meafures,  extent  of  motion,  and  ftrength, 
are  particularifed.  The  fir  ft  column  fpecifies  the 
vertebras;  the  fecond,  the  correfponding  width  of 
each  vertebra ;  the  third  column  the  breadth. 
It  will  be  obferved,  that  the  breadth  of  three  cer- 
vical vertebrae  is  omitted,  as  they  are  To  thin  as  to 
be  mere  fhells ;  I  have  calculated  their  propor- 
tionate mafs,  which  is  added  to  the  aggregate  fum. 
The  column  fpecifying  the  extent  of  motion  fig- 
nifies  the  extent  of  motion  of  each  vertebra,  when 
a  general  motion  of  the  whole  takes  place  on  the 
Iaft  lumbar  vertebra.  The  other  two  columns  are 
taken  from  Borellus. 


The 


The  Measures  of  the  Vertebra  are  as  follows,  by 
a  Scale  of  2  to  an  Inch. 


Width. 


1-5 

2 
2 
2 
2 


2 

3-  5 
4 

4 
4 

4-  2 

<5- 

4-  5 
<5-2 

5-  3 
5-3 
c5-5 
6. 

6.2 

7- 

7-9 
7-9 


113.2 


4-7 


Breadth. 


Of  the  Brim. 

•5 

t 

Shell 
D° 
D° 

Of  the  whole 
2 
3 

2.9 

3 

3.2 

3-  8 

4- 
4.2 

4-  5 
$• 
5- 

<5- 
& 
<5- 
5.8 

5-  5 
5.6 

5-7 
5-8 


87.5 


3-64 


7fo  D<#M 

fidered  as 
perpendi- 
cular. 


1. 

I.25 

*~5 


i-5 

i-<5 
2.6 
2.8 

3- 
2.9 

2.5 
2.5 

2.6 

3- 
2.9 

a- 

3-4 

3-4 

3-6 

3-7 

4- 

4- 


60.9 


2 -53 


1.05 
1.50 


*-3 

i-3 

2.08 

2.24 

2.4 

2.32 

2. 

2. 

2. 

2.08 

2.4 

2.32 

2.4 

2.72 

2.72 

2.88 

2.98 

3-2 

3-2 
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The  extent  of 
Motion  en  the 
Centre  of  the 
Vertebrae  of 
the  Loins, 


3-742 

3-7 
3.64 

3-<56 
3-47 


3 
2 

04 
87 
69 

51 

3* 
21 

06 

939 
75 
57 
38 

*7 
958 
•78 
•5 
.25 
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Mufc. 


Vires 
Cartilag. 


In  a  Perfon  car- 
rying.on  his 
fhoulders  120 
pounds,  the; 
exertions  o£ 
^  the  Mufcles  & 
Ligaments  arc 
as  follows  i 


lb. 

401 

394 

387 
380 

373 
366 

359 
352 
345 
338 
33i 
324 

4*3 
411 

408 

404 

4°3 


6404 


lb 


lb. 

1204 
1183 
1162, 
1141 
1 120 
1099 
1078 

10 57 
103^ 

1015 

994 

973 
1239 

1225 
1212, 
1211 


19181 

6404 


D 
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If 
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If  we  take  the  ratio  *  of  the  vertebrae  we  ffaall 
have  a  —  \y  cri)e  =  2,^z  2-7>  j  =  3>  and  the 
length  of  the  Spine  AB  zz  24.545  inches,  ab  pz  \ 
an  inch,  c  d  zz  if,  zz  gh  zz  4,^ji  zz  2.5, 
fl£  zz  26:  c/  zz  23,  e£  =  19,  g m  =  9  in.  and 
j  n  =  2  in.  then  the  Centre  of  Gravity  will  be  2.27 
inches  diftant  from  the  plane  CD,  and  11.33  from 
the  plane  D  E.  Having  thus  the  Centre  of  Gravity 
of  the  whole,  and  regarding  the  abdomen  and  tho- 
rax as  preffing  upon  that  lumbar  vertebra  immedi- 
ately on  the  facrum,  the  aclion  on  this  vertebra  wilt 
be  as  half  its  diameter  is  to  the  diftance  between 
its  centre  and  the  Centre  of  Gravity,  fo  the  weight 
of  the  fuperior  part  of  the  body  is  to  the  a£tion 
on  this  vertebra.  In  a  common- fi  zed  man,  the 
thorax  and  abdomen,  with  the  contents,  weigh 
60  lib.  the  head  and  neck  15  lib. ;  a  weight  of  75 
lib.  this  vertebra  has  to  remove  :  the  diftance 
between  it  and  the  Centre  of  Gravity  is  9.2 
inches;  the  half  diameter  is  1.45  inches.  Hence 
then,  as  before,  1.45  :  :  9.2  :  :  75  :  475.8,  viz* 
475.8  lib.  :  is  zz  to  the  ftrefs  on  this  lumbar  ver- 
tebra :  the  fum  of  the  depths  of  the  five  lumbar 
vertebrae  is  7.49  inches,  and  of  the  dorfal  13.83  ; 
fuppofing  the  weight  of  the  body,  if  cut  in 
fe6lions  of  the  vertebrae,  are  as  the  depths,  then 
3.2  =  the  cervical  vertebrae,  if  we  divide  the  whole 
weight,  viz.  75  lib.   into  fums  of  ratio  zz  3.2, 

*  The  ratio  of  the  Vertebrae  means  the  proportion  the  folid 
contents  of  the  vertebrae  bear  to  each  other, 
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7'49>  13*83,  will  give  us  the  proportional 
weight  on  any  of  the  vertebrae,  viz.  on  the  cer- 
vical 9.8  lib.  the  dorfal  42.4,  and  the  lumbar 
22.8  lib.  as  the  head  preffes  only  on  the  cervical, 
this  rauft  be  deducted;  at  leaft  the  weight  of  the 
head  mult  be  added  to  the  cervical  in  calculation 
of  their  ftrefs.  Any  vertebra  that  becomes  the 
centre  of  motion,  as  in  gently  railing  the  head  up, 
or  declining  down,  the  cervical  vertebrae  are  folely 
in  a&ion.  Suppofing  to  afcertain  the  ftrefs  on  the 
fixlh  cervical,  the  weight  above  is  =  22  lib.  the 
Centre  of  Gravity,  adding  the  weight  of  the  head 
to  the  atlas,  is  j|  inch  from  the  fixth;  half  its 
diameter  is  .875  v  .875  :  1.75  : :  22  :  44.  that 
is,  this  bears  the  preffure  of  44  lib. 

The  preffure  on  the  lower  lumbar  is  475.8  lib. 
It  ought  to  be  obferved,  that  in  folids  nearly 
of  fimilar  fhape,  the  ftrefs  is  as  the  cube  of  the 
diameter,  we  (hall  find  that  IT)3  the  cube  of  the 
diameter,  3T5)3  :  :  475.8  :  44  nearly  ;  which 
fhews  that  the  vertebrae  increafe  in  their  ftrength 
nearly  in  the  ratio  of  the  ftrefs  they  are  to  bear  f  J 
or  more  correQly  in  this  calculation,  the  weight 
they  are  to  overcome,  as  here  we  have  confidered 
the  additional  weight  of  the  abdominal  and  tho- 
racic contents. 

*  Generaliter  fenfim  tenuiores  ut  fuperiores,  ad  dorfi  decimam 
ufque.  Poll  nonam  fequentibus,  primaeque  cervicis,  fenfim 
aliquanti  craffiores :  poft  cervicis  primam  fequentibus  quatuor 
aliquanto,  quam  ei,  tenuiores,  parum  differentes  inter  fe.  His 
craffiores  fextae,  his  fummae, 
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Another  mode  of  procedure  would  be  requifitq 
if  we  wifh  to  afcertain  the  Centre  of  Gravity  of 
the  whole  body;  in  fad,  we  might  regard  the 
tfrorax  and  abdomen  as  one  folid,  connected  to 
the  Spine,  and  formed  by  a  half  revolution  of 
that  curve  round  its  axis.  Apprehenfive  left  the 
inveftigation  hitherto  entered  into  mould  prove 
too  tedious,  I  mall  wave  for  the  prefent  any  far- 
ther confideration,  and  immediately  proceed  to  an 
examination  of  thofe  practical  deductions  that  thefe 
principles  may  authorife. 

In  a  diftorted  Spine,  in  the  collection  of  Mr. 
Abenethy,  of  Bartholomew's  Hofpital,  where  five 
inches  of  height  are  loft  by  the  incurvation,  eight 
of  the  dorfal  vertebrae  project  fo  as  to  be  remote 
from  the  plane  AB,  4  inches;  the  lumbar  at  2f, 
and  the  cervical  vertebrae  are  concave  exteriorly 
inftead  of  convex,  and  J  of  an  inch  from  the 
plane:  the  Centre  of  Gravity  would  be  2.16 
inches  from  the  plane,  perpendicular  to  the  hori- 
zon, and  9.17  inches  from  the  bafe,  fo  that  the 
Centre  of  Gravity  here  would  be  two  inches  nearer 
the  loins  than  in  a  natural  Spine. 

Suppofing  there  is  a  collar  applied  to  the  back 
that  entirely  takes  off  the  preffure  of  the  head, 
what  particular  advantages  will  there  be  gained? 
It  is  furely  making  the  moft  ample  allowance,  if 
it  is  regarded,  that  by  fuch  affiftance  the  head 
fhall  be  perfectly  abftracted  from  the  body,  viz. 
15  lib.;  then  the  abdomen  and  thorax,  with  their 

contents, 
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contents,  will  weigh  60  lib.  hence  the  ratio  of 
the  vertebrae  will  be  the  cervical  8  lib.  the.  dorfal 
34,  and  the  lumbar  18  lib.  The  pre  fill  re  on  the 
moft  remote  dorfal  vertebra,  from  the  plane,  is  - 
30  lib.;  and  the  ftrefs  on  this  vertebra  is  as 
much  greater  the  ftrefs  in  its  natural  form  as  its 
diftance  from  the  plane  is  to  the  fimilar  diftance 
in  the  regular- {fiaped  Spine,  viz.  4  in.  :  f,  as 
8:1,  fo  that  the  ftrefs  is  eight  times  more  than  in 
the  ufual  curvature.  By  a  fimilar  mode  of  pro- 
cedure, the  Centre  of  Gravity,  in  every  date 
of  incurvation,  is  eafily  afcertained,  as  well  as  the 
ftrefs  on  any  of  the  vertebrae  under  any  peculiar 
lituation.  To  afcertain  what  force  or  power  this 
vertebra  muft  exert  (or  which  is  the  fame  thing, 
the  actions  of  the  mufcles  and  ligaments  upon  it), 
when  it  becomes  the  centre  of  motion,  it  will  be  as 
before,  the  ratio  of  half  its  diameter  to  the  diftance 
from  the  Centre  of  Gravity. 

It  muft  then  appear  evident,  that  an  inftru- 
ment  thus  applied  will  barely  take  off  one-third  of 
the  preffure  acling  on  the  Spine.  If  the  diftor- 
tion,  as  generally  happens,  ftiould  be  in  the  lam- 
bar  vertebrae,  the  effect  of  fuch  an  apparatus 
would  be  too  trivial  to  afford  the  moft  dill  ant 
relief. 

Hitherto  I  have  fuppofed  the  inflrument,  or 
collar,  to  entirely  take  01T  the  fuperincumbent 
preffure,  without  fubjecling  the  patient  to  any 
inconvenience:  when  we  refleft  011  the  violent 

preffure 
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preffure  that  is  made  on  the  temples,  when  that 
interruption  is  given  to  the  circulation  in  the  tem- 
poral arteries,  it  can  no  longer  be  wondered  at 
ihofe  violent  head-aches  which  are  induced,  that 
renders  the  ufe  of  them  for  more  than  an  hour 
or  two  infupportable :  and  furely  no  good  effect 
can  be  expected  from  fuch,  where  a  permanent 
application1  is  fo  impracticable.  It  would  be 
abfurd  to  expect,  that  either  from  thefe,  or  the 
fwing  chairs  fo  comparatively  momentarily  ufed, 
that  a  tendency  to  a  distortion  could  be  removed, 
or  even  prevented  in  its  increafe.  Hence  no 
good  effecl;  can  poffibly  arife  by  the  application 
of  inftruments,  where  only  for  a  fhort  time  the 
preffure  of  the  head  can  be  removed,  and  which 
even  when  accomplished  is  fo  inconfiderable  a, 
part,  fhat  the  benefit  muft  be  trivial.  As  in 
general,  complaints  of  this  nature  are  connected 
with  a  ftate  of  debility,  all  powers  of  reiteration 
are  here  checked  by  that  motion  being  deftroyed 
neceffary  for  an  invigorating  circulation.  The 
head  is  kept  in  a  fixed  pillory-like  pofture.  Still 
worfe  are  the  confequences  attendant  on  braces, 
acting  violently  on  a  weakened  column,  or  a 
debilitated  Spine,  fo  powerfully  prefling  on  the 
vertebrae,  as  in  many  cafes  to  have  induced  a 
lumbar  abfeefs :  indeed  this  mode  of  practice  is 
not  much  remote  from  that  of  a  furgeon,  told  us 
by  Kerkringius,  who  attempted  by  violence  to 
force  back  a  diftortion  of  the  vertebras,  and  thus 
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inflicted  excruciating  tortures  on  the  Jfufferifig 
female,  ignorantly  imagining  it  was  a  luxation. 

As  I  have  thus  prefumed  ,  to  cenfure  the  prin- 
ciples of  thofe  inftruments  at  prefent  ufed,  I  wil! 
curforily  fuggeft  the  conftru&ion  of  fuch  as  are 
agreeable  to  the  theory  here  laid  down. 

Suppofmg  I  am  applied  to  in  a  cafe  of  diftortion 
of  the  lower  dorfal  vertebrae.  To  merely  take  off 
the  preffure  of  the  head,  the  relief  would  be  in- 
confiderable  ;  although  the  collar  is  fupported  on 
the  ftays,  yet  ultimately  there  is  the  fame  degree 
of  preffure  on  the  dorfal  vertebrae  :  whatever 
weight  may  be  fupported  by  the  collar,  the  re- 
action of  the  fupporting  inftruments  is  always 
equal.  In  the  conftruftion  of  an  inftrument  we 
fhould  be  careful  that  the  fuperincumbent  weight 
on  the  difeafed  part  of  the  Spine  mould  be  per-* 
fectly  removed,  and  that  there  mould  be  no  ac- 
tion of  the  inftrument  fuperior  to  the  Centre  of 
Gravity  of  the  Spine.  By  fupporting  that  point 
which  has  a  tendency  to  defcend  towards  the 
earth,  we  fupport  the  whole  fyftem.  From  what 
has  been  previously  obferved,  the  afcertainment. 
of  this  point,  in  every  ftate  of  distortion,,  is  no- 
ways difficult;  and  for  want  of  this  attention  is 
entirely  owing  the  improper  inftruments  that  are 
at  prefent  adopted.  This  may  forcibly  be  illuf- 
trated  by  analogy.  If  a  garden  wall  mould  be  in 
fuch  a  ftate  as  to  require  fupport,  mould  we  not 
be  regulated  in  our  application  of  fuch  fupport  by 
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the  pofition  of  the  weakened  part.  If  the  wall 
bulges  fuperiorly,  in  the  middle,  or  towards  the 
foundation,  we  mould  not^  in  all  thefe  circum- 
fiances,  make  ufe  of  the  fame  fupport.  The  ex- 
perienced architect  will  immediately  afcertain  that 
point  where  there  is  the  greatelt  ftrefs,  and  apply 
his  fupport  accordingly*  Thus  we  ought  to  acl: 
with  regard  to  the  Spine,  and  not  in  every  eafe  of 
diltortion  ufe  one  and  the  fame  inftrumenti 

I  hope  I  mall  hereafter  have  an  opportunity  of 
giving  reprefentations  of  the  different  inftruments 
that  I  may  experience  the  raoft  beneficial;  I  am 
fully  aware  what  difficulties  there  are  to  encounter 
in  attempting  to  reconcile  practice  to  theory;  yet 
I  hope  I  fhall  never  be  fo  much  warped  by  the: 
latter  as  to  prevent  me  adopting  every  improve- 
ment tliat  may  occur  to  me  in  the  former. 

After  this  little  attempt  of  an  examination  of 
the  aid  that  can  be  afforded  by  mechanical  con- 
trivances, it  may  not  be  improper  to  make  a 
few  obfervations  on  the  different  caufes  that  may 
induce  difeafe  of  the  vertebrae,  and  which  mud 
iieceffarily  influence  our  praBiee. 

The  vertebras  frequently  become  difeafed  by 
ulcerations  originating  within  themfelves,  or  in 
the  neighbouring  parts,  or  in  confequence  of  any 
permanent  preffure  from  the  coagula  of  an  aneu- 
rifm,  or  from  the  influence  of  external  violence. 
As  in  general,  a  patient  experiences  at  firft  a  con- 
fiderable  rigidity  fome  months  before  any  ap- 
parent 
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parent  alteration  of  the  Spine,  we*  ought  fheri  to 
be  aftive  in  diminishing  every  internal  inflamma- 
tion, and  in  taking  off  the  fuperincumbent 
preffure.  Thus  we  may  probably  prevent. any 
ulceration,  or  the  formation  of  any  lumbar  abfcefs*, 
as  well  as  any  increafe  of  incurvation. 

As  in  general  a  diftortion  of  the  Spine  is 
flow  and  gradual  iri  its  progrefs,  arid  the  incuf- 
vation  lateral,  more  frequently  occurring  to 
children  under  ten  years  of  age,  that  feems  td 
arife  from  an  imperfect  offification  :  as  we  know 
that  the  bafis  of  bones  is  formed  by  the  union  of 
the  phofphoric  acid  with  animal  calcareous  earth; 
hence  it  has  been  conjectured  by  fome  that  there 
might  be  a  deficiency  of  calcareous  matter,  as  it 
Js'  obferved  in  fuch  conftitutions  that  there  is  a 
cdnfiderable  more  earthy  depolit  in  the  urine, 
and  this  in  proportion  to  the  deftru&ion  of  the 
folids. 

It  has  farther  been  fuppofed,  that  fuch  could 
only  arife  fronv  a  defect  of  phofphoric  acid,  and 
confequently  its  exhibition  might  prove  beneficial ; 
the  fame  as  has  been  thought  by  fome  to  be  the 
caufe  of  the  formation  of  the  human  calculi,  which 
are  found  more  foluble  in  phofphoric  acid  thafi 
in  any  other. 


*  Vide  Abefiethy's  ElTay?  replete  with  accurate  and  judicious 
©bferyations. 
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In  the  Memoirs  of  the  National  Society  of 
Medicine  at  Paris,  Monf.  Bonhomme  has  pro- 
pofed  another  theory,  replete  with  great  inge- 
nuity :  the  experiments,  as  well  as  obfervations, 
upon  which  the  author  grounds  his  inferences, 
prefent  to  view  matters  of  facl,  fufficiently  re- 
markable to  afford  a  prefumption  that  new  ex- 
periments will  confirm  their  truth.  He  fuppofes 
that  the  nature  of  the  rachitic  diforder  arifes,  on 
the  one  hand,  from  the  developement  of  an  acid 
approaching  in  its  properties  to  the  vegetable, 
particularly  the  oxalic;  and  on  the  other,  from 
the  defect  of  phofphoric  acid. 

He  endeavours  to  prove,  that  the  calcareous 
phofphate  is  wanting  in  the  bones  of  thofe  who 
are  difordered  with  rachitis,  and  that  the  deve- 
lopement of  the  oxalic  acid  is  the  caufe  of  this 
alteration. 

In  this  refpect  he  is  affifted  by  an  analyfis  made 
by  Halle,  and  which  is  inferted  in  the  feventeenth 
volume  of  the  Annales  de  Chemie. 

Upon  thefe  principles  he  endeavours  to  demon- 
ilrate  the  utility  that  arifes  from  the  topical  appli- 
cation of  alkaline  lotions,  and  the  internal  ufe  of 
calcareous  phofphate,  whether  alone  or  combined 
with  the  phofphate  of  foda:  fuch  he  fays  will 
powerfully  contribute  to  reftore  the  natural  pro- 
portions in  the  fubltance  of  the  bones,  and  ac- 
celerate the  cure  of  rachitis. 

It 
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It  ought  to  be  obferved,  the  author  modeftly 
prefents  his  ideas  in  this  refpect,  merely  as  con- 
jectures approaching  to  the  truth. 

He  feems  to  have  no  other  proof  of  the  exift- 
ence  of  this  oxalic  acid  than  from  there  appear- 
ing in  fuch  children  a  want  of  bile,  which  corrects 
the  difpofition  to  acefcence,  and  for  want  of 
which  they  are  neceffarily  developed,  difturb  the 
circulation,  and  attack  and  foften  the  bones. 

When,  however,  it  does  appear  that  a  diftor- 
tion  originates  from  an  imperfect  offifkation; 
when,  from  want  of  its  earthy  fupport,  the  Spine, 
unable  to  bear  the  fuperincumbent  preffure,  bends 
from  its  ufual  courfe,  and  becomes  unnaturally 
incurvated,  then  every  mode  of  treatment  that 
can  reftore  tone  to  the  fyftem,  that  can  invigorate 
the  finking  frame,  or  ftrengthen  the  debilitated 
foundation,  mould  be  adopted  :  even  if  it  be 
granted  that  fuch  is  occafioned  by  the  union  of 
the  calcareous  animal  matter,  and  phpfphoric  acid, 
being  deftroyed,  it  appears  to  me  difficult  to 
conceive  how  the  exhibition  of  either  the  one  or 
the  other  can  tend  to  its  reiteration,  The  ope- 
rations of  vital  parts  are  not  reducible  to  chemical 
laws;  their  functions  are  not  explicable  on  the 
doctrine  of  gales,  nor  are  their  principles  to  be 
determined  by  the  retort  or  the  crucible.  Che- 
miftry,  as  a  fcience,  is  great  and  valuable;  by  it 
the  fimple  operations  of  matter  may  be  developed, 
and  their  various  ftates  of  combinations  unfolded. 

£  2  Whea 
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When  by  fuch,  the  laws  of  that  principle,  which 
come  not  under  the  definition  of  matter,  are  at- 
tempted to  be  explained,  then  the  fallibility  of 
this  fcience  is  evinced.    I  am  apprehenfive  that 
fuch  endeavours  may  ultimately  involve  this  noble 
branch  of  philofophy  into  difgrace,  and  again  re- 
turn us  to  the  Paracelfian  period,  when  it  was 
imagined  by  this  eccentric  experimentalift  that 
religion  was  a  combination  of  fait  and  fulphur. 
-    Thus  it  is  I  have  but  little  hopes  that  the  exhi- 
bition of  •phofphoric  acid  could  any  way  tend  ta 
remove  the  defect  of  it  in  the  conftitution.  I 
fhould  prefer  roufing  the  languid  fyftem  into  a 
Hate  of  healthy   a&ion   by  the  moft  generous 
liquids  and  nutritious  folids;  to  give  that  ftimulus 
to  the  powers  of  life,  that  the  fecretions  may  be 
healthy  and  vigorous :  then,  and  not  till  then,  the 
arterial  ramification  will  depofit  the  proper  ofTific 
matter.    In  general  it  is  obferved,  that  fuch  in- 
curvations are  peculiar  to  children,  where  there  is 
reafon  to  fuppofe  fuch  an  enlargement  of  the  me- 
fentric  glands  as  to  prevent  the  chyle  entering  the 
thoracic  duel:  thus  there  is  a  greater  quantity  of 
folids  removed  than  what  is  fupplied.    The  bones 
forming  cavities,  containing  the  vifcera,  not  having 
their  lofs  renewed,  undergo  great  changes :  the 
ribs,  inftead  of  forming  an  arch,  gradually  bend 
inwards,  inflead  of  being  curved,  are  flattened 
j  laterally,  and  confequently  more  prominent  an- 
teriorly.   In  fuch  a  cafe  all  our  efforts  would  be 

in 
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in  vain  till  thefe  obftruftions  are  removed  { 
gentle, mercurial  dofes,  fea-bathing,  animal  food 
and  wine,  frequently  will  produce  the  molt  happy 
effects. 

When,  however,  there  does  not  appear  fuch  a 
caufe,  it  probably  may  arife  from  thofe  veflels  that 
ufualiy  depofit  this  offific  matter  not  being  in  a 
proper  ftate  of  dilatation.  This  is  obfervable  in 
the  offific  progrefs  that  takes  place  in  the  union  of 
fractured  bones;  an  inflammation  is  then  ne- 
ceffarily  induced  proper  for  the  vafcular  dilata- 
tion. When  thofe  veffels  that  are  unaccuftomed 
to  the  tranfmiffion  of  red  blood,  when  from  any 
particular  caufe  the  red  globules  are  impelled 
therein,  and  ftimulate  them  to  that  action  called 
inflammation,  not  only  is  there  found  an  increafe 
of  offific  fubftance  on  the  outfide  of  the  bone,  if 
long  continued,  the  cancellated  interftices  fo  re- 
plete as  to  render  the  bone  as  folid  as  ivory. 

Thefe  observations  I  have  prefumed  to  fubmit 
to  the  public,  with  a  view  of  preventing  thofe  in- 
juries that  fo  generally  enfue  from  ill-contrived 
braces,  and  other  formed  inftruments,  applied  by 
thofe  who  can  have  no  knowledge  of  the  laws  of 
the  animal  osconomy.  In  cafes  where  fuch  an  ac- 
quifition  is  requifite,  where  the  theory  of  mecha- 
nics fhould  be  combined  with  fome  phyfiological 
information,  where  the  benefit  of  exterior  fupport 
fhould  be  united  with  proper  interior  treatment 
that  while  affiftance  is  derived  from  the  former, 

the 
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the  conflitution  fhould  be  ftrengthened  by  the 
latter  :  in  fuch  an  important  branch,  where  more 
than  common  attention  is  requifite,  it  is  a  pro-? 
feffional  opprobrium  that  fuch  mould  be  relin- 
quifhed  to  ftay-makers,  or  menial  mechanics* 
whofe  knowledge  it  cannot  be  expected  can  be 
much  more  than  the  fewing  of  dimity,  or  the 
fcraping  of  whalebone.  In  my  opinion  applica- 
tions to  perfons  of  this  defcription,  in  cafes  of  this 
nature,  are  equally  abfurd  as  a  man  to  requeft 
any  of  the  royal  phyficians  to  make  him  a  pair  of 
breeches. 
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CHAP.  II. 

ON  THE  MOTIVE  POWERS  OF 
ANIMALS. 

Lex  perpetua  naturae  eft,  ut  agat  miriimo  labore,  mecliis  Sr 
modis  fimpliciliimis,  facillimis,  certis  &  tutis,  evitando 
quara  maxime  fieri  poteft,  incommoditates  &  prolixitates* 

It  is  not  here  prefumed,  upon  the  principles  of 
mechanics,  to  afcertain  the  velocity  of  any  anU 
mal,  for  in  fuch,  powers  are  concerned  that  come 
not  within  the  fcope  of  calculation.  All  that  is 
here  attempted  is  to  afcertain  the  maximum  of 
extent  that  any  animal,  by  any  Tingle  exertion^ 
can  cover. 

It  is  here  fuppofed,  that  the  motion  of  an 
animal  is  regulated  by  the  different  angles  the 
joints  are  capable  of  performing,  but  the  repe- 
tition of  fuch  motions  which  conftitute  the  velocity 
is  fo  dependant  on  the  powers  of  themufcles,  and 
confequently  vital  energy,  as  not  to  be  reducible 
to  any  number* 

to 
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To  theafcertainment  of  this,  Borellus  feems  not 
to  have  devoted  his  fuperior  abilities,  although  he 
has  given  us  five  propositions  De  Inceffu  Qua- 
drupedum,  and  twelve  De  Salttt:  his  enquiries 
went  no  further  than  to  calculate  the  powers  of 
mufcles  in  every  different  pofition. 

Neither  in  the  works  of  the  Duke  of  Newcaftle, 
Bellinger,  or  Bourgelat,  although  profelfedly  writ- 
ten on  horfes,  has  any  attention  been  paid  to 
this.  In  an  EfTay  by  Monfieur  St.  Bel  (on  the 
motive  powers  of  Eclipfe),  late  profeffor  of  the 
Veterinary  College,  there  feems  a  fomething  like 
a  confufed  attempt.  Conftifed,  I  fay.,  becaufe  I 
verily  think  the  compofer  of  fuch  a  work  could 
never  have  wifhed  its  being  perufed  by  any  one 
the  lead  converfant  with  the  principles  of  me- 
chanics. 

In  the  firft  place,  Monfieur  St.  Bel  has  en- 
deavoured to  prove  that  'the  flexions  and  exten- 
fions  of  the  joints  of  the  fore  parts  are  precifely 
equal  to  tbofe  behind,  viz.  the  lum  of  the  mo- 
tions of  the  anterior  articulations. equal  to  360°, 
and  fo  of  the  pofterior.  Then  he  fays,  M  by 
<c  examining  the  length  and  direction  of  his  legs, 
M  and  the  greatnefs  and  opennefs  of  the  angles,. 
M  formed  by  the  alternate  difpofition  of  the  bones 
f*  which  compofe  his  extremities,  pronounce  with 
•*  the  greatelt  probability  that  Eclipfe,  free  of  all 
<c  weight,  could  cover  an  extent  of  twenty-five 
w  feet;  that  he  could  repeat  this  action  2  f  times 
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**  in  each  fecond,  and  confequently  could  run 
lt  four  miles  in  the  fpace  of  fix  minutes  and  two 
"  feconds." 

Where  are  the  data  from  whence  thefe  in- 
ferences are  made  ?  I  fee  no  grounds  for  fuch 
deductions;  no  other  foundation,  than  that  the 
author  has  heard  Eclipfe  could  cover  fuch  an  ex- 
tent of  ground,  and  that  he  could  run  four  miles 
in  fix  minutes  two  feconds :  hence  it  was  very  eafy 
to  ascertain  the  number  of  exertions  in  any  par^ 
ticular  time,  as  it  was  only  dividing  the  fpace  ran 
through  by  the  extent  covered  at  once. 

For  what  purpofe  the  difplay  of  accuracy 
of  admeafurement,  and  the  envelopement  of 
Eclipfe  in  circles,  I  know  not,  unlefs  the  in- 
genious writer  thought  of  eftabliihing  his  fame  by 
a  pompous  attempt  under  the  appearance  of 
geometry 

Parts  of  this  Eflay  merit  fome  attention,  as  far 
as  regard  the  proportions  of  Eclipfe;  and  would 
have  been  more  valuable,  had  the  angles  of 
extenfion  and  flexion  been  diftinguifhed.  I  am 
apprehenhve  that  in  this  point  there  has  not  been 
a  perfect  degree  of  accuracy,  that  it  has  been 
fancied  pleafmg,  that  the  fums  of  the  various  cir- 
cular portions  the  joints  defcribe  mould  ante- 
riorly, as  well  as  pofteriorly,  form  complete  revo- 
lutions, and  as  fuch  imprefs  a  curfory  obferver 
with  an  idea  of  extenfive  beauty  in  their  forma- 
tion :  with  fuch  a  view  a  little  truth  appears  to  me 
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to  have  been  facrificed;  in  this  opinion  I  feel 
myfelf  fomewhat  more  confirmed  from  the  ad- 
measurements I  have  taken  of  Eclipfe,  by  the 
permiffion  of  the  gentleman  in  whofe  pofieffion 
he  is.  It  might  at  firft  appear,  that  an  equality 
exifting  between  the  motive  powers  of  the  joints* 
of  the  anterior  and  pofterior  parts  was  abfolutely 
requifite;  fo  with  propriety  it  might  be  thought, 
had  there  been  a  confonance  in  the  lengths  of  the 
different  limbs,  and  of  the  angles  in  which  they 
naturally  are :  as  thefe  vary  confiderably,  they 
never  could  have  ultimately  coincided,  unlefs 
there  was  a  correfponding  variation  in  their 
angles;  this  will  be  evidenced  by  the  following 
t^ble  ; 
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ECLIPSE. 


FORE  PARTS. 

Length 
in  Inches. 

H  I N  TV  PARTS 

Length 
in  Inches. 

Jcapula  meafured  from 
.  its  Spine,  without  the 
Cartilage    -    -  - 

Humerus     -    -  - 

Cubitus,  or  Fore  Arm 

Carpal   Bones,    6  in 
number,  being  3  in  a 
row     -     -    -  - 

ni 
2 

Spine  of  the  Ileum  to 

the  Acetabulum  - 
Femur      -    -    -  - 
Patella      -    -    -  - 

Hock,  or  Calcaneum 
Five  tarfal  Bones 

IO 

Hi 
81 

si 

Canon    -    -    -  - 

10 

12 

faftern  and  Coronet  - 

6 

Paftern     -    -    -  - 

Inches 

«8| 

F'2 
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The  Spine  of  the  Scapula  from  the  fore  feet 
meafures  54  inches,  fo  that  58 §  —  54  ~  4I  inches 
loft  by  the  curvature  of  the  fore  legs :  from  the 
acetabulum  to  the  hind  feet  is  53  inches,  fo  that 
nine  inches  are  loft  by  the  curvature  of  the  hind 
legs. 

In  the  firft  place,  I  fliall  examine  what  extent 
of  ground  an  animal  formed  like  Eclipfe  could 
cover  with  refpect  to  his  fore  legs,  fuppofing  for 
the  prefent  that  his  hind  legs  had  no  flexible 
powers,  were  ftiff  fupporting-like  columns.  I 
afterwards  mall  attempt  to  inveftigate  what  powers 
are  derived  from  the  formation  of  the  pofterior 
parts,  regarding  the  fore  legs  as  inflexible  pillars. 
J3y  this  method  of  proceeding,  I  flatter  myfelf, 
by  feparately  afcertaining  their  powers,  the  efFeft 
which  would  arife  from  their  united  efforts  may 
eafily  be  determined. 

The  fcapula  in  quadrupeds  pofTeffes  a  degree  of 
motion  round  its  centre  much  greater  than  in  the 
human  fpecies,  or  thofe  animals  who  ufe  their  fore 
feet  like  hands,  and  confequently  have  a  clavicle, 
which  horfes,  dogs,  &c.  have  not. 

Thus  it  is,  that  the  mufcles  appertaining  to  the 
fcapula  have  different  attachments  in  thefe  dif- 
ferent animals;  as  in  the  human  fpecies  the  tra- 
pezius arifes  from  the  occipital  bone  backwards, 
while  in  horfes  it  originates  from  all  the  ligamentum 
colli  which  is  below  the  rife  of  the  levator  humeri 
proprhis :  in  quadrupeds  there  are  two  elevatory 
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mufcles  of  the  fcapula,  levator  major  and  levator 
minor. 

Thus  unreftrained  by  a  clavicle,  the  fcapula  has 
a  motion  round  its  centre,  in  its  greateft  extent, 
of  20  degrees,  and  is  inclined  to  a  plane  perpen- 
dicular to  the  horizon  in  an  angle  of  30  degrees : 
when  the  leg  is  extended,  the  angle  will  be  50° 
with  the  plane. 

The  angle  the  humerus  forms  with  the  fcapula 
towards  the  body  is  120  degrees,  and  is  capable 
of  being  extended  50°;  hence  will  only  form  an 
angle  of  deviation  of  io°  from  the  continuation  of 
the  fcapula. 

The  cubitus  forms  an  angle  exteriorly,  or  from 
the  body,  of  i30°with  the  humerus;  and  in  its 
extenfion  can  be  brought  400  nearer,  fo  as  to  form 
a  right  angle  with  that  joint.  The  canon  is 
nearly  in  a  ftraight  line  with  the  cubitus,  and  bends 
inwards,  fo  as  to  make  a  regular  curvature,  in  gal- 
lopping,  with  the  cubitus. 

The  pattern,  coronet,  and  foot,  form  an  angle 
of  450  with  a  plane  perpendicular  to  the  horizon, 
when  in  motion  are  in  the  fame  curvature  with  the 
canon. 

A  little  confideration  of  thefe  circumftances 
will  point  out  many  beauties  in  the  admirable 
ftru&ure  of  the  fore  limbs.  We  find  that  al- 
teration takes  place  in  their  direction,  fo  as  to 
poffefs  ftrength  when  ftrength  is  required,  and 
freedom  of  motion  when  velocity  is  neceffary. 

In 
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In  the  inactive  flate  of  the  horfe  the  limbs  have 
110  other  weight  to  bear  than  the  mere  gravity  of 
the  fuperincumbent  matter.  When  the  momen- 
tum is  increafed  by  the  rapidity  of  their  mo- 
tion, when  they  bound  forwards  with  amazing 
fpeed,  and  ftrike  the  earth  with  a  proportionate 
degree  of  force,  how  admirably  arranged  are 
all  the  joints  to  fupport  the  combined  effects 
of  aftion  and  re-action.  The  inftant  before 
the  ground  is  preffed  by  the  foot,  the  cubitus 
relaxes  of  its  elevatory  ftate,  and  falls  within  the 
line  of  curvature  of  the  fcapula  and  humerus. 
The  canon  and  pattern  all  unite,  fo  as  to  make 
from  the  centre  of  motion  of  the  fcapula  a  conti- 
nued kind  of  bony  arch,  except  the  deviation  of  the 
paftern,  which  forms  at  the  moment  of  preflure  an 
angle  of  450,  nearly  parallel  with  the  fcapula,  and 
confequently  the  belt  calculated  for  bearing  the 
preffure  of  the  body  when  the  whole  weight  is 
thus  thrown  forwards.  When  this  angle  is  greater, 
the  ftrefs  mull  be  greater  alfo,  and  confequently 
an  imperfection  of  debility  in  the  horfe. 

As  then  it  appears  that  the  horfe  ftrikes  the 
ground  with  its  fore  feet  in  the  continued  degree 
of  curvature  of  the  fcapula  and  humerus,  the 
angle  formed  with  the  plane  perpendicular  to 
the  horizon,  will  neceffarily  be  the  fine  of  the 
extent  of  ground,  in  this  point  of  confideration,  the 
animal  will  cover:  as  the  vertical  angle  is  gO°j, 
the  cathetus  54  inches,  the  bafe  will  be  67  inches, 

and 
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and  which  is  the  ground  the  horfe  would  cover, 
fuppofing  the  pofterior  columns  or  legs  have  no 
powers  of  flexions ;  fimilar  to  a  man  being  thrown 
forwards,  the  ground  he  would  compafs  would  be 
regulated  by  the  extenlion  of  the  arms. 

ON  THE  MOTIVE  POWERS  OF  THE 
HIND  LEGS. 

It  has  already  been  obferved,  that  the  hind  legs 
in  no  refpecl  correfpond  to  the  fore;  every  ar- 
ticulation is  not  only  different  in  length,  alfo 
differently  inclined  to  each  other:  if  there  was 
that  coincidence  Monfieur  St.  Bel  has  afferted, 
there  would  be  great  irregularity  of  motion.  In 
the  firft  place,  the  ilium  is  inclined  to  the  perpen- 
dicular to  the  horizon,  in  an  angle  of  500,  while 
the  fcapula  only  inclines  300.  The  femur  forms 
an  angle  towards  the  body  with  the  ilium  of  1200. 
The  tibia  forms  pofteriorly,  or  from  the  body,  aa 
angle  of  120°  with  the  femur.  The  calcaneum, 
or  hock,  an  angle  of  400  with  the  femur,  and 
confequently  the  canon,  an  angle  of  1400  towards 
the  body,  with  the  tibia  and  the  pattern,  and  50 
degrees  from  a  line  perpendicular  to  the  horizon. 

It  is  faid  that  Eclipfe's  hind  legs  were  fome- 
times  more  forward  than  the  anterior  limbs:  this 
appears  improbable,  that  the  hind  feet  fhoukl 
ever  advance  beyond  the  line  of  dire&ion,  which 

is 
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is  fituated  27  inches  from  the  pofterior  limbs, 
being  the  line  as  paifes  through  the  Centre  of 
Gravity  of  the  animal  to  the  centre  of  the  earth. 
It  will  eafily  be  feen  what  will  be  the  fitua- 
tion  of  the  limff  the  inftant  before  the  motion 
of  the  body :  the  curve  defcribed  by  the  hind 
legs  will  neceffarily  be  reverfe  to  that  delineated 
by  the  fore;  it  will  in  the  former  cafe  be  concave 
towards  the  horfe,  while  in  (he  latter  it  is  convex. 
The  meafure  of  this  curve  will  be  from  that  point 
of  the  earth  where  the  line  of  direction  falls,  to 
where  the  curve  terminates  by  the  extenfion  of 
the  legs  behind.  The  femur  can  bend  forwards 
towards  the  body  30  degrees,  and  pofteriorly  200. 
The  tibia  can  bend  backwards  60  or  70  degrees ; 
its  anterior  motion  is  not  more  than  200,  in  confe- 
quence  of  being  retrained  by  the  patejla.  The 
canon  will  admit  of  40°  flexion  forwards,  in  fome 
refpedts  is  checked  by  the  tarfal  bones,  and 
pofteriorly  will  only  allow  of  30°  motion,  in  con- 
fequence  of  the  calcaneum. 

From  the  above  ftatement  it  muft  be  evident 
that  the  pofterior  articulations  can  never  fall  in 
the  fame  uniform  curve  as  the  anterior ;  on  this 
account  they  are  neceffarily  made  much  ftronger: 
the  extenfor  mufcles  which  acl;  upon  the  calcaneum 
are  removed  farther  from  the  centre  of  motion, 
and  confequently  acl:  "with  increafed  power.  The 
horfe,  previous  to  his  progreffive  exertion,  brings 
his  tibia  forwards  200,  and  the  canon  40  degrees ; 

thefe 
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thefe  actions  will  bring  the  foot  to  the  point  of  di- 
rection, which  falls  in  the  middle  between  the  cen- 
tre of  motion  of  the  fcapula  and  the  acetabulum; 
thefe  being  from  each  other  43  inches,  fo  that  the 
line  of  direction  is  2i|  inches  from  each.  The 
angle  that  will  be  formed  by  the  centre  of  motion 
of  the  acetabulum,  with  the  point  of  direction,  and 
a  line  perpendicular  to  the  horizon,  and  pafling 
through  the  acetabulum,  will  be  33  degrees. 
From  the  acetabulum  to  the  ground  being  54 
inches,  in  this  flexion  the  horfe  mud  link  con- 
fiderably,  as  the  canon  is  much  more  bent  than 
what  the  tibia  is  ftraightened,  fo  the  perpendicular 
height  is  confiderably  lefs;  this  is  eafily  afcer- 
tained,  and  by  the  additional  bending  of  the 
paftern,  fo  that  the  diftance  between  the  aceta- 
bulum, and  the  point  of  the  ground  cut  by  the 
line  of  direction,  is  not  more  than  50  inches. 
This  is  the  meafure  of  the  hypothenufe,  and  2  if 
being  that  of  the  bafe,  then  50V  —  2i±\z  ~  to 
the  fquare  of  the  perpendicular,  46  inches  nearly, 
fo  that  the  inftant  previous  to  the  bound  forwards, 
the  horfe  finks  down  eight  inches. 

In  the  utmoft  ftate  of  extenfion  pofteriorly  the 
humerus  will  decline  from  the  perpendicular  line 
io°.  The  tibia,  forming  a  right  angle  with  the 
humerus,  will  neceifarily  be  8o°  from  the  per- 
pendicular plane;  the  canon  200  pofteriorly,  fo 
that  the  calcaneum  will  only  form  an  angle  of  200 
with  the  tibia,  and  confequently  an  angle  with 
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the  plane  of  6o°,  and  the  paftern,  in  the  fame  line 
with  the  calcaneum ;  this  will  be  the  meafure  of 
the  angle  of  extenfion,  which,  added  to  the  angle 
formed  by  the  acetabulum  to  the  point  the  line 
of  direction  cuts,  will  make,  with  this  line,  nearly 
a  right  angle :  hence  then  \Z~5°T  +  48^  will  be 
equal  to  the  extent  defcribed  by  the  hind  feet? 
equal  to  68  inches  nearly;  as  in  the  extenfion 
backwards  the  diftance  from  the  acetabulum  to 
the  extremity  of  the  paftern  is  48  inches,  which  is 
eafily  afcertained,  as  the  lengths  of  the  articula- 
tions are  known,  and  the  refpedtive  angles  of 
flexions  given. 

It  might  perhaps  be  here  objected,  that  the 
arch  defcribed  by  the  hind  legs  is  a  very  inade- 
quate meafure  of  the  progreffive  advance  of  the 
horfe',  in  confequence  of  fuch  a  motion.  Surely 
it  will  be  granted,  that  if  the  limbs  poffefled  no 
flexible  articulations,  that  an  animal  would  be 
very  limited  in  its  tranflatqry  powers,  therefore 
in  a  great  meafure  rnuft  be  regulated  by  thefe ; 
the  mufcles  can  by  their  action  overcome  the 
weight  by  powerful  contractions,  can  with  great 
force  extend  the  limbs,  and  with  great  velocity, 
for  a  certain  time,  repeat  their  motions. 

In  the  fore  limbs  it  was  obferved,  that  the 
paftern  was  parallel  to  the  fcapula;  fo  in  the  hind 
legs,  when  brought  under  the  horfe's  body,  the 
paftern  is  parallel  to  the  femur.  If  there  had  nof 
been  this  obliquity  in  the  patterns,  the  animal 
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Would  be  irt  continual  danger  of  falling*  in  the 
firft  motion,  when  the  feet  are  brought  under  the 
body,  they  are  little  more  oblique;  the  line  of 
direction  falls  within  the  bafe  of  the  legs:  as  the 
animal  rifes,  the  Centre  of  Gravity  changes,  the 
obliquity  of  the  pattern  diminifhes,  yet  the  ground 
is  preffed  by  the  whole  foot :  if  there  had  been  no 
obliquity,  the  horfe,  inftead  of  being  fupported 
on  all  the  bafe  of  the  foot,  would  occafionally  be 
thrown  on  the  edge,  and  horfes  thus  formed  are 
continually  tripping. 

In  the  inveftigation  of  the  motive  powers  of  the 
fore  limbs  it  was  deduced,  that  Eclipfe,  without 
any  affiftance  from  his  pofterior  legs,  could  cover 
an  extent  of  ground  equal  to  67  inches;  and  the' 
hind  legs,  independent  of  the  fore,  nearly  68 
inches :  it  appears  why  an  animal  thus  formed 
fhould  have  an  equalized  motion  from  a  coin- 
cidence in  the  moving  powers,  and  which 
could  never  have  been  the  refult  of  fimilar 
extenfion  in  the  fore  and  hind  parts,  when 
previous  to  the  action  there  is  fo  great  a  dif- 
ference. Had  the  hind  legs  poiTeffed  ftill  more 
powers,  the  action  of  the  fore  legs  could  never 
have  exactly  correfponded,  and  the  motion  of 
the  animal  would  be  only  a  fucceffion  of  jumps^ 
and  not  a  regular  equalized  change  of  place. 

The  increafe  of  motion,  in  confequence  of  thefe 
being  united,  will  be  their  products;  fuppofing 
there  were  only  one  articulation  in  the  fore  limbs, 
G  2  the 
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the  hind  legs  would  have  had  an  advantage  equi- 
valent to  the  power  of  the  anterior  joint  ;  fup- 
pofmg  a  reprefents  the  power  of  one  of  the  an- 
terior joints,  b  the  fecond,  d  the  third,  e  the 
fourth,  Sec.  and  let  p  be  the  whole  power  of  the 
hind  limb,  then  p  x  a  +  p  x  b  +  p  x  d 
>*rpXezzpxa-\-b-\-d  +  ey  as  p  is  the 
power  of  the  hind  leg,  and  a  +  b  -f-  d  +  e,  the 
fum  of  the  powers  of  the  fore  parts :  hence  the 
one  multiplied  by  the  other  will  give  31  feet, 
the  meafure  from  that  point  where  the  hind  feet 
were  placed  to  where  the  fore  feet  fall,  as  the 
line  of  direction  is  27  inches  from  the  fore  limbs, 
and  which  being  deducted  from  31  feet,  will 
leave  28  feet  9  inches  for  the  maximum  of  ex- 
tent of  ground  an  animal  formed  like  Eclipfe 
could  cover. 

Thofe  who  have  obferved  the  motion  of  this 
celebrated  beaft,  have  well  allured  us,  they  have 
meafured  an  extent  of  25  feet  he  has  actually 
covered.  If  fo,  it  is  not  to  be  fuppofed,  at  that 
very  inftant,  his  greateft  powers  were  ex- 
erted; lb  that  the  above  deduced  from  calcula- 
tion evinces  a  near  coincidence  of  practice  with 
theory. 

It  has  been  fuppofed  by  fome,  that  the  gal- 
lopping  of  a  horfe  is  nothing  more  but  a  feries  of 
fucceffive  leaps,  and  as  fuch  folely  dependant 
on  mufcular  exertion,  as  the  leap  of  a  biped,  and 
therefore  no  ways  regulated  by  the  articulations. 

A  liule 
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A  little  enquiry  will  fuffice  to  mew,  that  in  the 
exertion  a  man  makes  in  elevating  himfelf  above 
the  ground,  that  the  joints  are  principally  con- 
cerned, in  vain   would  a  man  attempt,  a  leap 
without  previoufly  having  his  joints  in  a  ilate  of 
flexion — "  Saltus  non  fit,  nifi  prius  articuli  pedum 
infleftantur."    This  we  may  illuftrate  after  Bo- 
rellus,  by  the  experiment  of  a  bow;  if  in  the 
bending  of  it,  one  end  refting  on  the  ground,  and 
the  other  prefled  vertically  by  the  hand,  till  it  has 
acquired  a  confiderable  curvature;  if  the  hand 
is  fuddenly  removed,  not  only  the  bow  refumes 
its  former  ftate,  alfo  leaps  up  in  the  air:  fup- 
pofing  the  bow  5  feet  long,  and  uniform  in  thick- 
nefs,  the  Centre  of  Gravity  is  neceflarily  the 
centre  of  the  bow,  viz.      feet  from  the  ground; 
when  prefled  down,  the  Centre  of  Gravity  is 
forced  downwards  to  be  a  foot  nearer  the  ground; 
the  redaction  of  the  earth,  when  the  preflure  is 
removed,  will  caufe  it  proportionally  to  afcend. 

Thus  in  a  man  the  Centre  of  Gravity  is  in  the 
loins;  in  taking  a  leap,  the  thigh  and  legs  are  fo 
bent,  that  the  Centre  of  Gravity  becomes  nearer 
the  ground  by  the  length  of  the  thighs ;  the  limbs 
being  fuddenly  extended,  by  the  re-aclion  of  the 
pavement,  the  Centre  of  Gravity  is  caufed  td 
afcend,  and  thus  conftitute  a  leap. 

The  leap  is  therefore  in  proportion  to  the  length 
of  the  limbs,  and  the  velocity  to  the  fpaces  they 
move  through  in  the  fame  time*  Thus  alfo  a  leap 
'  <  is 
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is  incfeafed  by  previous  running,  thefe  a&iotts 
unite  in  their  effe£h.  The  impetus  that  is  ac- 
quired is  no  way  counteracted  by  the  neceffary 
declination  for  leaping:  hence  co-operating,  the 
refult  is  greater.  As  men  alfo  can  afcend  up  a 
declivity  by  running,  when  it  would  be  inaccefli- 
ble  by  attempting  to  mount  flow. 

Thus  caeteris  paribus,  the  leaps  of  men  are  in 
the  ratio  of  the  lengths  of  their  limbs.  With 
refpect  to  bulk,  fmaller  animals  can  leap  the  far- 
theft  ;  a  horfe  can  rarely  rife  above  8  feet  per- 
pendicular height,  and  a  fmall  dog  not  in 
bulk,  will  clear  a  gate  of  4  feet :  as  Galilaeo  ob- 
ferves,  "  Quod  in  corporibus  animalium  propor- 
cf  tionaliter  decrefcentium  minuitur  pondus  in 
"  majori  proportione,  nempe  duplicata  refiftentiae 
u  8c  roboris  eorum :  8c  ideo  offa  majorum  ani- 
"  malium  crafliora  fieri  debebant,  ut  fuo  robore 
fi<  incrementum  ponderis  fuftentare  valerent.  Et 
*f  hinc  fit,  ut  animalia  vafta,  quae  corpus  valdi 
iC  ponderofum  habent,  minus  vivacia,  8c  minus 
66  agilia  fmt,  quam  exigua  animalia.'* 

De  Motu  Locali. 

Thofe  who  wifh  to  be  informed  of  the  amazing 
power  of  the  mufcles  in  a  leap,  may  confult  Bo- 
rellus;  where  he  has  demonftrated,  that  the  power 
of  all  the  mufcles  united  in  a  man  weighing  1501b* 
equal  to  435,0001b.  or  in  the  ratio  to  the  weight 
of  the  man,  as  2900  :  ii 

The 
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The  leaps  of  frogs,  grafshoppers,  crickets,  fleas, 
&c.  depend  entirely  on  what  has  already  beep 
obferved,  viz.  the  greater  length  of  their  hind 
legs  with  refpecl  to  their  fore,  and  a  fimilar  in- 
yeftigation  will  eafijy  afcertain  the  extent  of  their 
leaps. 

Some  infe£fc§,  as  the  cheefe  maggot,  have  great 
power  of  leaping,  without  any  apparent  arti- 
culations; when  more  accurately  obferved,  the 
reafon  is  evident;  the  infect  when  difpofed  to 
leap  joins  its  head  and  tail  together,  contracts 
its  body  in  a  fmall  compafs,  and  by  a  fudden 
extenfion  raifes  itfelf  up  to  a  confiderable 
heigh tj  fome  will  elevate  themfelves  15  or  16 
inches;  while  in  this  procefs,  when  obferved 
through  the  micro, fcope,  they  feem  to  have  a 
power  of  fecuring  their  tail  with  their  mouth, 
while  the  body  is  contracted.  When  they  are 
difpofed  to  move  horizontally,  they  lay  their 
bodies  flat  on  the  table ;  when  perpendicularly* 
the;  body  is  elevated  for  the  purpofe. 

ON  THE  MOTIVE  POWERS  OF 
THE  ELEPHANT. 

When  we  obferve  an  elephant  move,  it  is  not 
a  contemporaneous  motion  of  all  the  limbs,  but 
fucceffive  movements  of  different  parts— not  by 

irregular 
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irregular  ftarts,  non  vacillans  &?  ruinofa,  fed  firma 
6? Jlabilis.  When  ina&ive,  he  ftands  firm  on  his 
four  legs,  which  fupport  him  like  pillars,  form- 
ing a  quadrilateral  figure,  the  line  of  direction 
falling  nearly  within  its  centre ;  when  he  begins 
to  move,  it  is  with  his  hind  leg  firft;  if  his  left 
hind  leg,  his  body  is  impelled  forwards,  fo  that 
the  Centre  of  Gravity  makes  a  proportional  ad- 
vance; as  foon  as  this  is  effe&ed,  the  left  fore 
foot  is  raifed,  and  eafily  brought  forwards  :  then 
the  right  hind  leg  ft  ill  further  impels  the  animal 
and  afterwards  the  right  fore  leg. 

It  muft  appear  evident,  that  the  elephant, 
as  well  as  all  quadrupeds,  in  walking,  the  body 
muft  be  fupportedby  more  than  two  columns;  yet 
we  often  fee  reprefented  in  ftatues  and  paintings, 
a  walking  horfe,  with  two  diametric  oppolite  feet 
elevated. 

In  this  cafe  the  motive  powers  of  the  animal 
will  only  be  the  fum  of  the  extent  that  can  be 
covered  by  the  fore  and  hind  legs  of  both  fides; 
their  motions  not  being  fimultaneous,  the  pro- 
greftive  powers  of  each  are  independent;  thus  un- 
influenced, the  velocity  will  only  be  the  refult  of 
thefe  added.  By  the  kind  affiftance  of  my  friend, 
Mr.  John  Parkinfon,  I  had  an  opportunity  in 
his  valuable  mufeum  (the  Leverian)  of  taking 
the  admeasurements  of  different  animals;  the  ele- 
phant in  his  poffefEon  meafures  99  inches  from 

the 
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the  wither?,  and  94  from  the  moulder  to  the  foot, 
and  from  the  centre  of  motion  of  the  fcapula  and 
femur  to  the  ground,  84  inches.  Thefe  animals 
have  very  little  powers  of  flexion  in  their  knees, 
fo  that  each  limb  may  be  regarded  as  a  lever, 
defcribing  a  fpace  proportionate  to  its  diftancc 
from  the  centre  of  motion. 

Each  limb  appears  not  to  poffefs  more  mo- 
tion than  30  degrees;  no  animal,  not  even 
man,  defcribes  more  in  walking  than  half  the 
radius,  confequently  the  progreffion  will  be  42 
inches*  x  4  =  168  zz  14  feet,  the  extent  of 
ground  the  elephant  will  pafs  over  after  one  mo- 
tion of  all  his  feet,  being  nearly  twice  its  length: 
if  thefe  motions  are  repeated  quick,  they  would 
be  nearly  equal  to  the  gentle  gallop  of  a  horfe  : 
if  they  move  their  limbs  but  once  in  a  fecond, 
will  be  9  miles  in  an  hour. 

HIPPOPOTAMUS. 

This  animal  can  only  walk,  as  its  knees  are 
nearly  inflexible;  its  motion  is  flow,  from  the 
limbs  being  fo  fliort  in  proportion  to  its  fizea 
In  height,  is  54  inches ;  from  the  centre  of  mo- 

*  As  the  radius  or  diftance  from  the  centre  of  motion  to  the 
.ground  is  84  inches,  and  always  equal  to  fixty  degrees,  confe« 

gently  42  will  be  equal  to  thirty  degrees,  or  half  radius. 

H  tion 
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tion  of  the  fcapula  to  the  fore  feet,  32  inches  ; 
breadth  of  the  foot,  6  inches;  from  the  aceta- 
bulum to  the  hind  foot,  32  inches.  If  the  angle 
of  extenfion  be  300,  or  half  radius,  the  fpace  paf- 
fed  through  by  the  motion  of  one  foot  will  be 
16  inches;  which  multiplied  by  4  zz  64  inches, 
not  much  more  than  the  length  of  the  animal, 
fuppofing  the  adions  of  the  mufcles  of  this  and 
the  elephant  equal,  the  latter  would  go  through 
nearly  three  times  more  fpace  than  the  former, 
about  3  miles  and  a  half  in  an  hour,  while  the 
elephant,  by  the  fame  number  of  motions,  would 
pafs  through  the  fpace  of  nine  miles. 

GREENLAND  BEAR. 

From  the  centre  of  motion  of  the  fcapula  to 
the  foot,  is  24  inches;  in  height,  35  inches:  hence, 
as  above,  in  walking  12  X  4  —  48  =  4  feet:  the 
whole  being  moved  once  in  a  fecond,  the  animal 
would  walk  2.7  miles  in  an  hour. 

ELK. 

After  the  majeftic  walk  of  the  elephant,  and 
the  flow  ambulatory  ftep  of  the  hippopotamus  and 
'Greenland  bear,  the  motion  of  the  elk,  the  fwifteft 
of  animals,  will  come  under  examination :  from  his 
fhoulder  to  his  foot,  the  elk  meafures  63  inches, 

and 
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and  to  his  knee  40 ;  the  withers  to  the  ground, 
68  inches;  from  the  acetabulum  to  the  hind  feet, 
63  inches,  and  the  calcaneum  forms  an  angle  of 
So  degrees  :  from  thefe  admeafurements,  proceed- 
ing the  fame  as  with  the  horfe,  the  extent  of 
ground  this  animal  can  cover  in  one  bound  will 
be  34  feet,  nearly,  if  repeated  as  often  as  Eclipfe, 
about  55  miles  in  an  hour, 

THE  POWER  OF  BIRDS  IN  FLYING. 

Birds,  from  the  nature  of  their  ftrufture,  are 
fpecifically  lighter  than  man  or  quadrupeds,  and 
fix  hundred  times  heavier  than  the  fluid  in  which 
they  float;  the  wonderful  powers  they  have  of 
afcending  and  defcending  in  a  medium  fo  com- 
paratively rare,  fome  enquiries  into  the  caufe 
may  not  prove  uninterefting. 

The  Centre  of  Gravity  of  a  bird  is  fituated  a 
little  beyond  the  wings,  and  a  fmall  degree  lower 
than  the  point  of  fufpenfion,  viz.  that  point  which 
is  the  centre  of  a  line  pafling  through  the  attach- 
ments of  the  wings :  if  this  were  not  fo,  the  body 
would  not  be  kept  more  in  the  pofition  of  the  feet 
downwards,  than  the  feet  upwards :  <c  Conceden- 
dum  eft,  quod  centrum  gravitatis  exiftit  in  ali- 
quo  pun&o  perpendicularis  ad  horizontum  pofito 
infra  punQum  fufpenfionis the  fame  as  is  well 
known  to  be  a  requifite  in  an  accurate  pair  of 
feales,  if  the  centres  of  motion  and  gravity  coin- 

H  %  tided, 
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cided,  the  beam  would  remain  in  any  given  pofi- 
tion,  inclined  as  well  as  horizontal,  becaufe  the 
centre  of  gravity  being  then  the  centre  of  motion, 
any  change  of  direction  of  the  body  could  never 
induce  any  change  in  the  centre  of  gravity  :  hence 
in  birds  it  is  neceffary  it  (hould  be  placed  a  little  be- 
low the  centre  of  motion,  that  the  feet  may  always 
preferve  the  downward  pofition;  yet  not  much 
lower,  for  power  would  be  loft  in  proportion  to 
their  diftances.  It  muft  neceffarily  be  allowed,  that 
their  wings  are  placed  in  the  very  beft  part,  to  ba- 
lance their  body,  and  to  give  a  fwift  progreffion; 
when  they  ftrike  downwards,  they  expand  their 
wings  to  the  greateft  breadth  by  the  aQion  of  their 
large  and  extenfive  pe&oral  mufcles.  "  Pe&orales 
u  mufculi  hominis  fle&entes  humeros,  parvi 

parum  carnofi  funt,  non  aequant  50am  aut  70am 
*'  partem  omnium  mufculorum  hominis.  E  con.? 
f*  tra  in  avibus,  pe&orales  mufculi  vaftiffimi  funt, 
"  &  sequant,  imo  excedunt,  Sc  magis  pendent, 
fc  quam  reliqui  omnes  mufculi  ejufdem  avis 
<l  fimul  fumpti.5  ■  Borell. 

When  the  ftroke  is  over,  the  bird  does  not 
return  his  wings  in  the  fame  expanded  ftate;  if  fo, 
the  a&ion  and  re-a£Hon  would  deftroy  each  other; 
they  are  contracted,  and  fo  inclined,  that  their 
edges  only  are  expofed  to  the  aerial  refiftance, 
#nd  which  muft  be  comparatively  fmall.  If  the 
bird1  be  difpofed  to  turn  his,  courfe  to  the  leftf  he 

ftrikes 
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ftrikes  the  air  with  a  proportionate  greater  force 
with  the  right  wing;  when  he  wants  to  rife,  nis 
tail  is  raifed  upwards,  in  order  to  diminifh  the  re* 
fiftance,  and  to  fall,  it  is  depreffed.  Willoughby, 
Ray,  and  many  other  phyfiologifts,  imagined,  that 
the  tail  was  a  kind  of  rudder,  to  fleer  and  turn 
the  body  in  the  air.  Borellus,  however,  fuppofes, 
that  it  is  more  to  aflift  in  afcents  and  defeents,  and 
to  obviate  the  vafcillations  of  the  body*.  ((  Non 
fi  negabo  tamen,  quod  cauda  in  avibus  reyera 
*c  ufum  8c  facultatem  temonis  exerceat,  fed  dico 
"  quod  inferviat  ad  fleclendum  eurfum  volantes 
u  furfum  Sz  deorfum." 

In  this  calculation  we  will  take  the  large ft  of 
the  hawk  kind,  viz.  the  Cuntur  of  Peru,  erro- 
neoufly  called  by  the  Spaniards  Condor,  fuppofed 
to  be  the  Roc  of  the  Arabian  Nights.  The  fine 
one  in  the  Leverian  Mufeum  meafures  15  feet 
from  end  to  end  of  the  wings,  in  weight  about 
60  pounds.  It  has  been  obferved  by  Emerfoii 
and  others,  that  birds  of  this  clafs  will  fly  more 
than  one  thoufand  feet  in  a  minute  of  time,  about 
17  feet  in  a  fecond  of  time.    It  muft  evidently 

*  Infe&s  that  have  not  the  advantage  of  a  tail,  and  are  bi- 
pennated,  have  poifes  joined  to  the  body  under  the  hinder  part 
of  their  wings — fuch  as  have  four  wings,  or  wings  with  elytra, 
have  none,  fuch  as  fcarabs  and  ftaphilini  of  all  forts. 

The  that  has  a  very  ftiort  tail,  its  head  and  long  neck 
would  overbalance  the  hinder  part  of  the  body; — their  long  legs 
arc  extended  in  flight  to  counterpoife  the  whole. 

appear, 
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appear,  that  the  portion  of  air  each  wing  a&s 
againft  will  be  a  fegment  of  fphere,-  whofe  radius 
is  the  length  of  the  wing :  each  wing  moves  in 
general  through  one-fourth  of  a  circle;  if  the 
body  of  the  animal  is  ii  foot  in  diameter,  then 

the  extent  of  each  wing  will  be  15~~~1%  m  6.75 
£eet ;  as  both  pafs  through  the  fame  fpace,  the 
aerial  mafs  they  aft  againft  muft  be  equal  to 
half  a  fphere,  whofe  radius  is  6.75  feet,  If  a  = 
13  5,  the  diameter  of  the  fphere  .7854  =  the 
area  of  a  circle  whofe  diameter  is  unit,  then  we 

fhall  have  t — x  *  x  4  x  -  =  to  t^e  rum  Gf  fay^ 
2 

contents  of  thefe  two  fegments.    As  the  folidity 
of  a  fphere  is  well  known  to  be  equal  to  the 
furface  multiplied  into  one-third  of  the  radius, 
and  the  furface  four  times  the  area  of  a  great 
circle,  the  whole  being  divided,  will  be  half  the 
fphere  zz  to  the  folid  contents  of  the  two  feg- 
ments, equal  to  644  cubic  feet;  a  cubic  foot  of 
air  weighs  near  12  ounces;  fo  that  644  feet  will 
weigh  483  lb.    It  is  already  obferved,  that  the 
bird  moves  about  17  feet  in  a  fecond  of  time; 
the  force  with  which  the  air  will  aft  againft  a 
body  in  fuch  a* motion  will  be  meafured  by 
that  fpace  through  which  a  body  muft  fall  to 
acquire   this    velocity.     It   is    eafily  demon- 
ftrated  that  a  body  would  fall  through  the  length 
of  a  pendulum  in  a  period  which  bears  the 
fame  proportion  to  a  time  of  its  vibration,  as  the 

circum- 
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circumference  of  a  circle  is  to  its  diameter  mul- 
tiplied by  the  fquare  root  of  2,  a  pendulum 
39.126  inches  long  fwings  feconds  ;  then  27.009 
thirds  z=  the  time  required  to  fall  in  vacuo 
through  fuch  a  length.  Suppofing  the  velocity, 
viz.  17  feet,  zz  a>  the  time  ±  b9  16.09  feet  f=  c, 

then  we  fliall  have  \/c  :2  V  b  ::  2  c  :  2  c  x  2  a/*  i 

~  #  ;  hence  — -  —  4  feet  4  inches.    It  is  thus 

by  fuppofing  in  the  infinitefimals  of  a  fecond  the 
velocity  was  thus  uniform,  the  body  would  arrive  at 
the  earth  at  the  fame  time  as  one  would  do  by  com- 
mencing by  an  almoft  infinite  fmall  quantity,  and 
gradually  accelerating :  hence  then  483  lb.  x 
4  .  3  zz  2052  lb. :  thus  we  fee  how  this  bird  is 
enabled  to  foar  aloft  with  its  prey,  equal  in 
weight  to  itfelf,  although  the  volatile  powers 
are  diminifhed,  yet  here  is  amply  fufficient  in 
referve.  It  is  not,  however,  in  cafes  of  this 
nature  that  the  maximum  of  its  exertions  is  re- 
quired :  it  is  when  elevated  high  in  the  air,  and 
viewing  the  object  of  its  rapacioufnefs  beneath, 
falls  down  upon  it  with  almoft  the  accelerating 
powers  of  gravitation.  Let  us  fuppofe  the  little 
expanfion  of  its  wings  necelfary  to  preferve  an 
equipoife,  that  it  finks  through  the  fpace  of  one 
hundred  yards  in  eight  feconds,  and  which,  were 
the  gravitating  powers  not  thus  interrupted,  would 
be  accomplifhed  in  fix  moments,  the  uniform  de- 
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fcent  would  b£  37  feet;  with  a  velocity  fo  great, 
the  momentum  is  proportionally  fo  ;  as  the  weight 
is  60  lb.  the  momentum  will  be  2000  lb.  It  is 
here  all  the  powers  of  the  body*  are  requifite  to 
overcome*  a  force  that  might  otherwife  dam  the 
animal  to  the  earth  ;  while,  on  the  contrary,  we 
fee  the  hawk  firft  afligning  to  himfelf  the  diftance 
of  the  objeft,  and  then  by  precipitation  darting 
down  with  an  increafing  velocity :  thus,  were  he 
not  enabled  to  check  at  any  period  the  impetuo- 

•  When  we  know  the  weight  of  a  body,  and  the  height  from 
which  it  falls,  we  may  eafily  know  what  ftroke  it  will  give, 
for  the  fquare  root  of  the  fpaces  will  always  give  the  velocity, 
which  being  multiplied  into  the  mafs  or  weight  of  the  body 
gives  us  its  momentum. 

A  body  falling  from  the  height  of  300  feet,  the  fquare  root 
17.3  will  give  us  the  velocity ;  when  we  know  the  momentum 
of  the  body  through  the  fpace  of  one  foot,  it  will  give  us  the 
other.  To  afcertain  this,  I  made  ufe  of  one  of  thofe  iron  cy- 
linders which  has  a  fpring  within,  and  according  as  a  weight  is 
attached  to  a  hook  at  the  bottom,  fuch  is  exprefied  by  the 
rife  of  a  graduated  iron  plate  out  of  the  cylinder ;  by  letting 
a  pound  weight  fall  through  the  fpace  of  one  foot,  it  extended 
the  fcale  to  the  mark  of  three  pounds :  when  the  pcund  fell 
from  four  feet  in  height,  its  momentum  was  then  equal  to  fix 
pounds  ;  thus  their  velocities  are  precifely  as  the  fquare  root  of 
their  fpaces,  60  lb.  the  weight  of  this  bird  would  be  equal  to 
180  lb.  in  falling  through  one  foot ;  through  300  feet  it  would 

be  180  X  V  3°o  ~  3114  lb. :  as  we  have  already  obferved, 
that  the  bird  does  not  defcend  with  fo  rapid  a  velocity,  nearly  a 
third  lefs  %  its  momentum  at  the  end  of  fuch  a  fall  would  at 
lead  equal  2000  lb« 
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fity  of  his  career,  a  fall  through  a  fpace  of  this 
extent  muft  prove  fatal. 

Suppofing  he  is  in  that  ftate  as  only  to  be 
hovering  in  the  air,  gently  floating  with  a  velocity 
not  more  than  4  feet  in  a  fecond;  proceeding  as 
above,  the  power  of  rifing  will  be  120 lb.  being 
double  its  own  weight. 

It  has  been  much  difputed  whether,  in  the 
rapidity  of  motion,  birds  are  capable  of  diftinguifh- 
ing  objects.  In  the  Philofophical  Tranfaclions 
for  the  year  1795  there  is  a  paper  on  the  ftructure 
of  the  eyes  of  birds,  by  Mr.  Smith,  whofe  re- 
marks being  precifely  the  fame  with  thofe  of  Dr. 
Derham,  in  his  Phylico  Theology,  certainly  can- 
not merit  any  attention  on  account  of  novelty. 
Dr.  Derham  remarked  a  loricated  ftate  of  that 
part  of  the  fclerotica  which  immediately  furrounds 
the  cornea,  acling  like  pulleys,  over  which  the 
tendinous  fibres  were  fpread,  and  which  termi- 
nated in  forming  the  four  redi  mufcles.  The 
Do6k>r  fuppofed  fuch  a  confirmation  necefTary 
for  the  quick  changes  of  vifion  in  birds,  to  enable 
them  to  fee  their  food  at  their  bill's  ends,  or 
to  diftinguifh  the  utmoft  diitance  their  high 
flights  enable  them  to  view5  that  the  focal  pow- 
ers of  the  eye  may  be  accommodated  to  the 
different  refraQions  they  muft  experience  in 
the  different  aerial  media  in  which  they  are 
immerged:  to  this  fuppofition  there  are  many 
objections.    If  all  thefe  mufcles  act,  would  the 

I  eye 
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eye  be  rendered  more  convex?  Certainly  the 
cornea,  by  fuch  an  action,  can  never  be  con- 
verted into  a  fegment  of  a  leffer  fphere.  Are 
the  fame  mufcles  calculated  for  contrary  action  ? 
Could  they  at  one  time  enable  the  bird  to  view  his 
food  at  his  bill,  and  at  another  extend  his  powers 
of  fight  over  far  diftant  woods  and  mountains ; 
or  make  the  globe  at  one  time  elliptical,  at  ano- 
ther like  an  oblate  fpheroid?  Had  it  been  recol- 
lected that  the  eye,  although  not  a  perfect  fphere, 
is  yet  nearly  approaching  to  that  form  the  moft 
capacious  of  any,  and  being  perfectly  replete 
with  its  contents,  how  could  it  fuffer  any  farther 
deviation  from  a  globe,  without  an  exudation  of 
the  aqueous  humour?  the  fclerotica  in  itfelf  be- 
ing fo  perfectly  inelaftic,  that  even  a  fmall  por- 
tion, by  the  application  of  a  confiderable  weighty 
would  not  in  the  leaft  extend.    In  viewing  a  near 
object,  the  axis  of  the  eyes  is  neceffarily  turned 
towards  the  nofe :  how  would  the  advocates  of 
fuch  a  doctrine  attempt  to  explain  the  oblique 
actions  of  the  recti  mufcles  which  in  this  cafe  mud 
take  place  ?  <l  Natura  (implex  eft  &  rerum  caufis 
i(  fuperfluis  non  luxuriat ;"  thus  fays  the  immor~ 
tai  Newton.    Why  mould  we  think  of  adopt- 
ing fo  complicated  a  fyftem,  when  all  the  pheno- 
mena are  fo  eafily  explicable  on  the  different  cur- 
vatures of  the  cryftalline  lens?  Had  the  optical 
properties  of  this  beautiful  medium  been  more 
philofophically  attended  to  by  phyfiologifts,  they 

certainly 
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certainly  could  never  have  been  induced,  from 
one/lolitary  inftance,  where  moft  probably  there 
were  fome  circumftances  not  carefully  attended 
to,  to  fuppofe  it  were  of  no  ufe.  With  refpecl 
to  this  laminated  ftru&ure,  if  calculated  for  fuch 
a  purpofe,  it  would  only  be  found  in  thofe  birds 
whofe  motions  are  rapid.  We  obferve  the  fame 
in  the  oftrich,  the  turkey,  and  the  goofe,  as  well 
as  in  the  buftard  and  the  eagle;  and,  from  fome 
circumftances,  it  appears  that  hawks,  or  birds  of 
prey,  when  they  dart  down  upon  a  fmaller  bird, 
have  their  eyes  fhut ;  the  hawk  generally  moves 
horizontally  to  fome  diftance,  and,  when  he 
precipitates  himfelf,  often  makes  a  falfe  plunge: 
had  he  powers  of  obferving  the  progrefs  of  the 
fmaller  bird,  he  would  regulate  his  aclions 
accordingly.  Reaumur  alfo  has  told  us,  that  he 
has  obferved,  with  pleafure,  a  fparrow  purfuing 
a  butterfly,  which,  from  the  irregularity  of  its 
motion,  efcaped  every  attack  of  the  fparrow. 
It  appears  more  probable,  that  thefe  bony  ftrata 
are  calculated  for  defending  the  eyes  of  birds 
from  the  danger  they  undergo,  from  their  habi- 
tations on  trees,  &c.  and  thus,  by  the  curious 
pectinated  organs  about  the  choroides,  enabled  tp 
withdraw  the  eye  into  the  bony  arch. 

Dr.  Derham  has  alfo  remarked  another  beauti- 
ful ftrufture  in  birds  in  the  mechanifm  of  the 
lungs,  which  are  not  entire,  as  in  other  animals, 
but  communicate  to  many  ceils,  both  in  the  foft 
1        la  parts 
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parts  and  in  the  bones ;  as  the  ilernum,  ribs,  and 
vertebrae,  have  their  internal  fubftance  divided 
into  cells.  The  Doctor  had  obferved  a  mode- 
rately thin  membrane,  but  not  regarding  this  as 
a  diaphragm,  he  adopted  the  general  opinion  of 
birds  having  none ;  he  imagined  it  might  be  of 
life  in  rendering  their  bodies  more  or  lefs  buoy- 
ant, and  thus  facilitate  their  afcents  and  defcents. 
Mr.  Hunter,  who  has  paid  fome  attention  to  this 
fubje8;,with  more  propriety  thinks  they  are  as  aerial 
refervoirs,  when,  in  their  rapid  motions,  the  re- 
fpiration  cannot  be  fo  perfectly  performed ;  and 
fuppofes  on  this  alfo  depends  the  great  continuance 
of  fong  in  fome  birds.  If  fuch  had  been  con- 
fined to  birds  of  rapid  flight,  or  thofe  which  are 
amphibious,  fuch  would  appear  a  proper  deduction. 
They  are  obferved  more  numerous  in  the  oftrich, 
a  bird  not  intended  to  fly;  hence  the  reafon  of 
this  aerial  veficular  arrangement  appears  not  per- 
fectly evident;  it  is  obferved  that  the  animal  heat 
of  birds  is  five  or  fix  degrees  greater  than  man ;  if 
fuch  depend  on  the  decompofltion  of  oxygene 
gas*  by  carbone,  perhaps  this  greater  diffufion 
may  become  neceffary. 

OF 

*  It  was  obferved,  in  the  Eftay  on  the  Spine,  that  the  func- 
tions of  the  animal  economy  are  inexplicable  on  chemical  princi- 
ples ;  even  the  favourite  theory  of  the  decompoution  of  caloric 
trom  its  oxygen  bafe  by  carbone,  labours  under  feveral  difficulties. 
It  is  faid,  that  the  heat  of  the  body  is  regulated  by  the  refpiratory 
organs  j  the  animal  heat  of  a  child  is  more  than  that  of  an  adult, 
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as  it  is  obferved,  that  the  young  of  all  animated  creation  is  hot- 
ter than  the  old,  as  with  young  trees.  In  an  infant,  it  is  faid, 
the  child  refpires  more  frequent  j  in  many  cafes  of  difeafes  man 
breathes  much  more  frequent  without  the  internal  temperature 
being  increafed.  In  Greenland  and  Lapland,  where  the  cold  is 
intenfe,  confequently  the  generation  of  a  greater  quantity  of 
caloric  becomes  necefTary;  we  are  then  told  that  not  only  there 
is  a  greater  quantity  of  carbone  in  the  fyftem  5  alfo  the  air  being 
in  a  denfer  ftate,  holds  a  proportionate  quantity  more  caloric. 
How  contrary  this  is  to  the  general  properties  of  bodies,  where 
there  can  be  no  diminution  in  capacity  without  an  evolution  of 
caloric  5  and,  from  variety  of  experiments,  it  is  well  known 
that  air,  as  it  condenfes,  throws  out  a  great  quantity  of  heat ; 
even  with  the  condenfation  of  three  or  four  atmofpheres,  very 
fenfible  effects  are  induced  5  and  if  we  place  a  thermometer 
within  the  blaft  of  the  condenfed  air  refuming  its  natural 
ftate,  the  mercury  rapidly  finks  3  as  is  alfo  obferved  in  the  ex- 
haufted  receiver:  if  fo,  the  fame  proportionate  quantity  pof- 
fefTes  lefs  caloric.  Birds  poffefs  more  animal  heat  than  man, 
even  thofe  whofe  flight  is  very  high.  SaufTure,  when  on  Mont 
Blanc,  demonftrated  by  his  eudiometer,  that  the  air  in  thefe 
regions  is  very  impure:  we  have  alfo  many  inftances  where 
the  greater  part  of  the  blood  does  not  pafs  through  the  lungs, 
yet  no  diminution  of  temperature.  In  fome,  where  the  foramen 
ovale  has  never  been  clofed,  as  is  the  cafe  with  the  Blue  Boy,  as 
he  is  called,  at  Rotherhithe,  where  the  whole  furface  of  the 
body  has  the  venal  tinge  5  and  in  many  cafes  of  phthifis,  when 
Nature  is  interrupted  in  her  circulation  through  the  lungs,  me 
frequently  re-opens  this  partition.  From  various  authorities, 
we  have  Feafon  to  fuppofe  that  there  are  men,  as  pearl  divers, 
who  will  bear  immerfion  under  water  for  a  quarter  of  an  hour, 
or  more,  and,  without  more  than  two  or  three  minutes  interval, 
will  dive  again,  and  yet  futfer  no  inconvenience.  Surely,  in  all 
thefe  cafes,  if  there  were  no  other  refource  for  heat  than  in  refpi- 
ration,  if  the  latter  is  checked,  fhould  not  there  be  a  diminution 
in  the  former  ?  while  it  is  rarely  obferved,  whether  native  of 
the  Line,  or  of  the  frozen  region,  that  there  is  the  leaft  differ- 
ence of  temperature  but  what  is  attendant  with  death. 

ESSAY 


ESSAY 


ON  MATTER 


AND  THE 


FALLACY  OF  THE  SENSES. 


As  all  our  knowledge  of  external  or  material 
things  depends  upon  the  evidence  of  the  external 
fenfes,  if  thefe  are  proved  fallacious,  the  reality 
of  matter  could  no  longer  be  fupported.  In  the 
earlier  periods  of  literature,  in  the  dawn  of  phi- 
lofophy,  we  find  many  who  have  attempted  to 
prove  that  our  fenfory  organs  are  delufive;  that 
inftead  of  acling  that  part  for  which  we  might 
fuppofe  they  were  created,  that  they  are  continu- 
ally leading  us  aftray;  that,  inftead  of  tending  to 

our 
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our  prefervation  and  happinefs,  they  are  to  be 
regarded  as  inftruments  of  treachery  and  deceit. 

Let  any  one  phyfiologically  examine  the  admi- 
rable ftrucfture  of  the  eye  ;  the  beautiful  and  fim- 
pie  apparatus  with  which  it  is  endowed  for  view* 
ing  objects  at  different  diftances;  the  included 
media  fo  arranged  as  to  anfwer  the  belt  and  wifeft 
purpofes ; — let  him  examine  the  organization  of 
the  fenfe  of  hearing;  how  calculated  to  concen- 
trate the  fonorous  waves ;  how  the  membrana 
tympani  regulates  the  percuffive  effect  of  the 
aerial  tremors;  how  it  increafes  or  checks  the 
undulatory  career: — let  him  examine  the  officula, 
the  auditory  levers  for  tranfmitting  undiminifhed 
the  impreffion  that  has  been  communicated  ;  and 
how  the  bony  curve  of  the  labyrinth  is  thrown 
into  a  correfponding  agitation,  from  the  impulfe 
its  included  water  receives: — let  him  attend  to  the 
olfactory  organs ;  the  exquifite  fenfibility  and  ele- 
gant whitenefs  of  the  membrana  fchneideriana  of 
the  ethmoidal  cells,  and  its  fufceptibility  of  impref- 
fion from  the  groffer  effluvia: — and  iaftly,  let  him 
only  reflect  on  the  diftribution  of  nervous  papillae 
in  the  tongue,  the  hands,  Sec, ;  how  thefe  projecting 
little  nipples  lurking  under  the  fkin,  and  poffef- 
fing  fenfatory  power  in  a  concentrated  degree, 
are  admirably  formed  for  embracing  objects  ex- 
pofed  to  their  action;  how,  in  the  one  cafe, 
when  the  object  is  minutely  divided,  and  directly 
impreifes  them,  the  fenfation  of  tafte  is  induced;  ( 

and 


(   64  ) 

and  how,  in  the  other,  when  the  actual  contaft  is 
prevented  by  the  cuticular  cover,  yet  the  fenfa- 
tion  of  refiftance  is  imparted. 

Could  any  one,  after  fuch  an  inveftigation, 
ferioufly  and  folemnly  believe  that  the  wife  and 
beneficent  Author  of  Nature  would  thus  arrange 
our  fyftem  to  betray  us,-  to  entertain  fuch  a 
thought  is  derogating  from  that  reverence  we 
ought  to  pay  to  our  Creator;  nor  can  I  diveft 
myfelf  from  thinking,  that  fuch,  in  fome  refpe&s, 
borders  on  impiety.  We  find  Democritus  and 
Epicurus  maintained,  that  fmell,  tafte,  found,  co- 
lour, heat,  are  mere  illufions  of  fenfe,  and  have 
no  real  exiftence ;  even  Plato  aJferted  we  had  no 
real  knowledge  of  material  things,  and  that  eter- 
nal and  immutable  ideas  are  the  only  objects  of 
real  knowledge:  fo  all  the  academics  endeavoured 
to  prove,  that,  even  in  things  the  moft  evident, 
we  ought  to  withhold  aifent.  That  the  teftimony 
of  the  fenfes  mould  be  fufpe£ted,  they  inftanced 
in  many  circumftances;  as  the  crooked  appear- 
ance of  an  oar  in  water,  objects  magnified  in  a 
fog,  the  fun  and  moon  appearing  about  a  foot 
or  two  in  diameter,  the  different  colours  on  a 
dove's  neck,  &c* 

The 

*  Quid  ergo  eft,  quod  percipi  poffit,  fi  ne  fenfus  quidem  vera 
nuntiant  ?  quoft  tu  Luculle,  communi  loco  defendis :  quod  ne 
id  facere  poffes,  id  circo  heri,  non  neceffario  loco  contra  fenfus 
tam  multa  dixeram :  tu  autem  te  negas  infraclo  remo  neque 
■columba  collo  commoveri.    Quid  poteft  eft  fole  majus  ?  quern 

mathematics 
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The  Cartefians  alfo  fufpec"led  falfehood  in  every 
thing  the  fenfes  reprefent;  the  celebrated  Des 
Cartes,  he  who  produced  the  greateft  revolution  in 
philofophy,  and  deftroyed  the  dogmas  of  Ariftotle, 
that  he  might  not  be  led  aftray,  commences  his 
principles  by  a  ftate  of  univerfal  doubt,  and  ad- 
mits nothing  as  certain,  until  compelled  by  clear 
and  cogent  evidence*.  But  Spinoza  has  well  ob- 
served, that  the  evidence  of  fenfe  ought  to  have 
been  admitted  as  a  firft  principle,  as  well  as  that 
of  confcioufnefs ;  as  Des  Cartes  has  endeavoured 
to  prove  our  exiftence  from  a  principle  of  con- 
fcioufnefs;  and  from  hence  the  exiftence  of  an  in- 
finitely perfe£t  all-powerful  Being;  but  that  ex- 
ternal objects  only  exifted  as  images  in  the  mind; 
that  the  fun,  moon,  earth,  and  fea,  were  only 
ideas,  the  reality  of  which  we  were  not  certain. 
Spinoza  has  properly  remarked,  that  we  ought  to 
admit  the  exiftence  of  a  fubftance  from  the  idea 

mathematics  amplius  duo  deviginti  partibus  confirmant  majorem 
effe,  quam  terram :  quantulus  nobis  videtur  ?  mihi  quidem  quad 
pedalis.  Cic.  Qtueft.  Tuft,  ad  Lucull  p.  299. 

*  "  Facile  quidem  fupponimus,  nullum  effe  Deum,  nullum 
"  coelum,  nulla  corpora  5  nofque  etiam  ipfos  non  habere  ma- 
if  nus,  nec  pedes,  nec  denique  ullum  corpus ;  non  autem  ideo 
te  nos  qui  talia  cogitamus  nihil  effej  repugnet  enim,  ut  pute- 
"  mus  id,  quod  cogitat  non  exiftere.  Ac  proinde  haec  cogni- 
*'  tio,  (go  cogito,  ergo  fum3  eft  omnium  prima  &  certiffima.'V 

Des  Cart,  Prmclp  J 
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as  well  as  from  confcioufnefs  *.  This  mode  of 
reafoning  muft  neceffarily  have  led  Des  Cartes 
to  a  ftate  of  general  fcepticifm,  and  fuch  would 
have  been  the  refult,  had  he  not  heen  reftrained 
by  the  terrors  of  the  church  t. 

Although  Des  Cartes  may  be  allowed  the  hor 
nour  of  firft  drawing  a  line  of  diftin&ion  between 
the  material  a.nd  intellectual  world,  yet  it  alfo 
muft  be  grapted  that  he  has  been  the  fource  of 
the  dodrines  of  a  Malebranche,  a  Berkley,  and 
a  Hume ;  although  his  philofophy  utterly  de-, 
ftroyed  the  materia  prima ,  fubjiantial  forms ,  and 
occult  qualities,  of  Ariftotle,  it  has  alfo  prevented 
the  more  ufeful  part  being  attended  to. 

It  would  be  foreign  to  this  EfTay,  to  at- 
tempt any  inveftigation  of  the  opinions  of  Des 

*  Si  quis  dicerit  fe  claram  &  diftin&am,  hoc  eft  veram, 
ideam  fubftantioe  habere,  &  nihilominus  dubitare  num  talis  fub- 
ftantia  exiftat,  idem  hercle  eflet  ac  fi  diceret  fe  veram  habere 
ideam,  &  nihilominus  dubitare  num  falfa  fit  (ut  fatis  attendenti 
fit  manifeftum)  vel  fi  quis  ftatuat  fubftantiam  creari,  fimul  fta- 
tuit  ideam  falfam  faciam  effe  veram  j  quo  nanc  nihil  abfurdius 
concipi  poteft :  adeoque  fatendum  necefTario  eft,  fubftantiae  ex- 
iftentiam  ficut  ejus  effentiam  aeternam  eflfe  veritatem. 

Spinoz  Ethic,  Part  I. 

-j-  At  nihilominus  memor  mese  tenuitatis,  nihil  affirmo : 
"  fed  haec  omnia  turn  Ecclefiae  Catholicae  auctoritati,  turn  pru- 
if  dentiorum  judiciis  fubmitto  j  nihilque  ab  ullo  credi  velim, 
if  nifi  quod  ipfi  evidens  &  invi&a  ratio  perfuadebit." 
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Cartes,  Malebranche,  Norris,  Berkley,  Collier, 
and  Hume;  all  that  I  intend,  is  to  endeavour  to 
prove,  that  the  arguments  adduced  againft  the 
veracity  of  the  fenfes  are  not  correct ;  that  their 
opinions  have  principally  arofe  from  not  diftin- 
guifhing  properly  the  judgment  of  the  mind  from 
the  perception  of  the  fenfes. 

Suppofing  a  man  were  to  exift,  deprived  of 
fenfatory  organs— -deprived  of  feeing,  hearing, 
fmelling,  tailing,  and  feeling,  would  not  his  ex- 
igence be  merely  vegetative  ?  If  fuch  be 
granted,  it  will  neceffarily  follow,  that  all  his 
acquifitions  muft  originate  from  thofe  fenfes. 
We  find,  that  when  man  firft  emerges  into  exift- 
ence,  is  likewife  the  infantine  period  of  the  fenfes, 
as  yet  unimpreffed,  as  yet  unexerted;  he  ap- 
pears, at  firft,  a  kind  of  animated  mafs,  without 
any  intellectual  powers ;  fo  it  is  ordained  for  the 
wifeft  purpofes:  for  could  we  fuppofe  a  child 
evolving  into  the  world,  with  its  underftanding 
in  a  ftate  of  maturity,  all  its  fenfes  in  a  moment 
thrown  into  rapid  a&ion,  it  would  be  diftra&ed 
with  aftonilhment,  apprehenfion,  curiofity,  and 
fufpenfe  ;  its  powers  would  be  exerted  with  an 
impetuofity  which  would  render  them  unfupporta- 
ble :  while,  on  the  contrary,  the  acquirement  of 
ideas  is  fo  gentle  and  gradual,  that  we  neceffarily 
acquire  that  moderation  and  felf-government, 
that  aptitude  and  readinefs  in  reftraining  ourfelves* 
As  all  our  knowledge  is  derived  from  the  ex- 
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ternal  fenfes,  let  us  examine  them  feparately  $ 
let  us  endeavour  to  fhew  what  would  be  the  refuk 
of  a  vegetative  kind  of  mafs,  endued  with  only 
the  fenfe  of  feeing,  and  then  fucceffivelv  com- 
bined with  the  other  fenfes. 


SENSE  OF  SEEING. 

To  examine  whether  the  idea  of  the  peripatetic 
philofophers,  refpefting  the  different  kind  of  forms 
which  bodies  were  continually  fending  off,  and 
thus  acting  on  the  different  fenfes,  fince  the  ob- 
fervations  of  Des  Cartes,  would  now  be  fuperflu- 
ous  ;  it  mult  certainly  be  granted,  that  all  bodies 
which  are  vifible  either  emit  light,  or  reflect  it.  It 
might  appear  a  matter  of  little  confequence  in 
this  confideration,  whether  light  is  confidered  as 
univerfally  difFufed  and  apparent  when  a&ed  on., 
or  emanating  in  right  lines.  As,  in  fome  refpe&s, 
the  latter  opinion  is  more  agreeable  to  the  demon- 
it  rations  which  hereafter  will  be  attempted,  fuch^ 
from  the  following  proofs,  will  be  adopted. 

Newton  has  fhewn,  that  a  preffure  propagated 
through  a  fluid  does  not  act  in  right  lines,  unlefs 
the  particles  of  that  fluid  are  thus  directly  pofited. 
"  Preflio  non  propagatur  per  fluidum  fecundum 
c<  lineas  rectas,  nifi  ubi  particulae  fluidi  in  direc- 
"  tumjacent,"  Prop.  41,  Princip.    Suppofing  a 

room 
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room  darkened  in  the  fame  manner  as  when  try- 
ing prifmatic  experiments,  a  ray  of  light,  per- 
vading a  fmali  aperture  in  the  window  mutter, 
only  forms  on  the  oppofite  wall  a  figure  of  the 
fun,  fubtending  an  angle  with  the  window  mutter, 
equal  to  that  of  the  real  fun ;  if  the  room  had 
been  replete  with  light,  as  with  air,  the  firft  im- 
pulfe  at  the  aperture  would  caufe  it  to  act.  equally 
all  around;  each  particle  thus  acted  on  would 
conftitute  a  frefh  centre,  and  thus  its  motion 
would  be  diffufed  through  every  part  of  the  room ; 
as  fuch  does  not  take  place,  it  is  not  univerfally 
diffufed,  but  u  particular  in  directum  jacent." 

A  ray  of  light  emanates  from  the  fun  not  in- 
ftantaneoufly,  but  progreffively,  viz.  eight  mi- 
nutes, thirteen  feconds,  in  paffing  from  the  fun 
to  us;  about  ninety-fix  millions  of  miles  (at  a 
medium).  This  has  been  fatisfactorily  proved 
by  the  obfervations  of  Reaumur,  refpecling  the 
eclipfes  of  the  jovial  fateliites,  as  well  alfo  by  the 
greateft  difcovery  in  aftronomy  in  this  age,  the 
aberration  of  the  ftars,  by  Dr.  Bradley. 

Notwithstanding  thefe  proofs,  we  find  many 
celebrated  philofophers  who  could  not  conceive 
how  light  mould  be  driven  oft  the  fun's  furface 
with  the  amazing  velocity  of  200,000  miles  in  a 
fecond  ofrtime;  hence  Huygens  imagined  that 
light  confifted  in  vibrations  propagated  from  the 
luminous  body  through  fubtle  aetherial  medium  : 
the  great  Euler  fupported  this,  and  thought  that 

the 
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the  fun  would  be  diminifhed  by  fuch  a  copious 
emiffion.  Dr.  Franklin  entertained  the  fame 
opinion,  and  farther  fuppofed,  that  the  fmalleft 
conceivable  particle  of  matter  moving  with  fo 
incredible  a  velocity,  would  acquire  the  momen- 
tum of  a  24-pounder  difcharged  from  a  cannon ; 
that  the  fun  would  diminifh  in  its  weight,  and 
confequently  in  its  gravitating  powers,  fo  that  the 
revolving  planets  would  neceffarily  perform  larger 
orbitary  revolutions. 

Newton  imagined  that  the  fun  would  dimi- 
nifli,  and  thought  the  comets*  were  to  reno- 
vate its  powers,  as  well  as  their  tails,  to  impart 
moifture  to  the  planets,  and  a  renewal  of  that 
vital  portion  of  empyreal  air  he  thought  were 
deftroyed.  Such  would  never  have  been  New- 
ton's jconclufion,  had  he  trufted  a  little  more  to 
his  powers  of  calculation.  If  we  fuppofe  a  lu«. 
minous  particle  equal  in  bulk  to  the  minuteft  vo- 
latile effluvia,  the  iize  of  a  particle  emitted  from 
affafoetidaf  does  not  exceed  the  thoufand  billionth 

part 

*  Newton's  Principia  on  the  Comet  of  1680.  From  this  fup- 
pofed  property  of  moifture  in  the  tails,  Whifton  imagined  a 
fudden  condenfation  of  one  when  patting  through  the  earth'* 
orbit,  near  to  this  planet,  might  occafion  the  general  deluge. 

f  Mr.  Boyle  proved  by  experiment,  that  a  mafs  of  afla- 
ftetida,  expofed  to  the  open  air,  loft,  in  fix  days  time,  the 

eighth  part  of  a  grain  5  therefore,  in  one  minute  of  time  g  *0Q' 

of  a  grain,  fuppofing  the  flux  of  effluvia  uniform :  at  the  dif- 
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part  of  a  cubic  inch.  If  we  fuppofe  light  as  fpe- 
cifically  heavy  as  gold,  the  force  of  momentum 
in  each  particle  would  be  infinitely  inferior  to  the 
momentum  of  the  gentleft  dew,  and  would  re- 
quire more  than  a  million  of  years  to  produce  the 

diminution  of  —  part  of  a  fingle  fecond.  That 
100  r  ° 

light  has  #  momentum,  is  evident  from  the  expe- 
riments of  Homberg,  Mairan,  and  Mitchel*, 

who 

tance  of  two  feet  the  effluvia  is  diftinguifhed  by  the  fmell  j  confe- 

quently  a  fphere,  whofe  radius  is  two  feet,  is  replete  with  this, 

the  divifion  becomes  beyond  all  powers  of  comprehenfion,  vis, 
g 

    parts  of  a  cubic  inch. 

1O.O00.000.00O.00P.0Q0 

*  One  objection,  among  fome  others,  which  maybe  advanced 
againft  the  concluflon  of  Mr.  Mitchel  5  he  feems  not  to  have 
made  any  allowance  for  the  greater  proportionate  decreafe  of 
denfity  in  light  than  in  the  ratio  of  the  diftance;  that  it  meets 
with  confiderable  refiftance  in  air  we  are  well  aflured  from  many 
experiments,  as  from  its  continual  refraction  through  all  the 
aerial  media,  progremvely  increafing  in  denfity,  a  ray  of  light 
muft  neceflarily  arrive  to  us  in  a  curvilinear  direction ;  what 
portion  may  be  interrupted  in  its  progrefs  we  know  not.  Bou-» 
gouer  has  (hewn,  that  water,  more  than  45  fathoms  deep, 
reflects  no  image  of  the  fun,  the  whole  light  being  loft: 
from  analogy  the  fame  may  tajte  place  in  air,  in  the  ratio  of  its 
denfity,  viz.  34  feet  of  water  being  equal  to  the  weight  of  at- 
mofphere,  and  45  X  6  =  270  feet  of  water,  through  vdiich 

fpace  light  becomes  difperfed;  hence  270  :  1  :  34  :  -24-  ~  JL 

270  8 

nearly  5  fo  that  we  may  fuppofe  one  eighth  of  the  light  is  loft 
by  its  j>affage  through  air;  this  appears  farther  probable,  as 

tranfpa* 
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who  have  agitated  feathers,  amianthus,  and  deli- 
cately fufpended  levers.  Why  mould  we  fuppofe 
that  there  is  any  thing  afrefh  created  ?  Why  may 
not  light,  when  difengaged  from  its  terreftrial 
combinations,  return  to  that  fource  from  whence 
it  originated,  and  thus,  by  a  continual  circula- 
tion, keep  up  its  energifing  power  without  any 
diminution  in  quantity. 

Light  is  a  fluid  fui  generis,  and  no  ways  fimilar 
in  its  properties  to  caloric,  or  the  matter  of  heat. 
Bodies  may  be  heated  from  5400  down  to  6o°, 
without  exciting  any  fenfible  illumination;  while, 
on  the  contrary,  we  fee  light  from  the  flow  phof- 
phorefcent  combuftion  of  the  lanthorn  fly  and  the 
glow-worm.  Fire  is  diffufible  equally,  and  pe- 
netrates ,all  bodies  without  exception,  while  light 
only  produces  fenfible  efFecls  on  opaque  matter*. 
Fire  is  abforbed  and  given  out  by  bodies  in  the 

tranfparent  bodies  of  a  fimilar  nature  refract  in  the  proportions 
of  their  denfities,  and  lofe,  by  reflection,  the  fame  proportionate 
degree. — Vide  Newton s  Optics,  lib.  2.  prop.  14. 

*  If  in  a  common  phial  a  match  be  placed,  and  this  phial 
immerged  in  a  glafs  veflel  filled  with  water,  and  a  fenfible  ther- 
mometer applied  to  the  fluid,  the  concentrated  folar  ray?,  through 
a  convex  liens,  or  from  a  concave  mirror,  being  made  to  pais 
through  the  water,  To  that  the  focus  mall  fall  on  the  match, 
this  will  be  inflamed  and  burnt  without  the  water  having  its 
temperature  increafed  y  as  would  ©therways  be  evinced  by  the 
thermometer.    This  fhews  light  will  not  act  on  tranfparent  fub- 
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proportion  of  their  fpecific  gravities*,  while  light 
Is  regukted  in  its  increafe  of  velocity  by  the  re- 
fracting power  of  the  medium  f;  fire  a&s  in  all 
directions,  light  only  in  right  lines ;  fire  produces 
no  change  in  the  colourlefs  nitrous  acid,  while 
light  gives  it  another  tinge,  and  renders  it  fuming. 
The  experiment  of  Beccaria's  diamond  J  even 
ffoews  an  averfion  to  their  being  united  in  one 
and  the  fame  body.  Light  has,  as  has  already- 
been  obferved,  weight  §,  while  no  experiments 

have 

*  Iron  feels  colder  than  wood,  becaufe  it  abforbs  and  gives 
out  heat  quicker ;  a  veffel  filled  with  hot  water,  fufpended  in  a 
r©om,  and  furrounded  with  wool,  will  preferve  its  warmth  24 
hours  :  thus  the  man  who  was  placed  in  an  oven,  when  fo  hot 
as  to  bake  bread,  yet  fuffered  no  inconvenience,  becaufe  he  was 
only  in  contact  with  wood  5  and  the  caloric  being  fo  (lowly  com- 
municated, that  the  powers  of  life  prevented  his  temperature 
being  increafed. 

f  V.  Newton's  Optics,  lib,  2.  prop.  10. 

J  It  is  a  well-known  property  of  the  diamond,  and  alfo  many 
other  bodies,  that  when  expofed  to  light  they  abforb  a  quantity, 
and  throw  it  out  in  the  dark.  Beccaria  thus  expofed  a  diamond, 
which,  when  brought  into  a  dark  room,  appeared  for  a  time 
luminous;  when  this  died  away,  it  re-appeared  by  the  applica- 
tion of  fo  much  warmth  the  mouth  would  give  ;  when  this  dif- 
perfed,  it  was  renewed  by  immernon  in  hot  water;  afterwards, 
no  additional  warmth  ever  produced  the  leaft  luminous  appear- 
ance, till  a  frefh  expofure  to  light  was  made :  the  inference  is 
eafy;  that  the  light  was  not  produced  by  the  caloric,  but 
difengaged  from  the  body. 

§  It  has  been  fuppofed  that  light  has  no  weight,  becaufe  it 
appears  to  be  uninfluenced  by  any  gravity ;  as  darting  from  the 
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have  hitherto  evinced  any  gravity  in  caloric*. 
Dr.  Higgins  fuppofes  that  caloric  and  light  are 
one  and  the  fame  matter,  their  different  appear- 
ancesj>eing  the  refult  of  varied  directions;  that 
caloric  fubfifts  by  the  proximity,  and  light  by  the 
rapid  projectile  motion  of  the  fame  matter.  How 
will  this  be  reconcileable  to  what  is  above  men- 
tentioned  ?  By  what  power  are  we  to  fuppofe  that 

fun  through  the  immenlity  of  fpace,  without  being  controlled 
hy  any  of  the  planetary  regions.  The  inftant  a  ball  is  fired  out 
or  a  cannon,  gravity  has  but  a  little  fway  ;  if,  inftead  of  mov- 
ing 4  or  500  feet  in  a  fecond  of  time,  it  mould  move  with  the 
amazing  rapidity  of  light,  any  deduction  on  account  pf  gravity 
could  even  make  ho  mathematical  difference. 

*  Dr.  Fordyces  experiments  rather  Ihew  a  degree  of  levity 
than  gravity  in  caloric.  I  have  been  attempting  fome  experi- 
ments refpe&ing  the  amazing  difengagement  of  caloric  by  the 
mixture  of  the  vitriolic  acid  and  water.  It  is  well  known,  that 
in  fueh  a  mixture  there  is  a  great  diminution  of  bulk,  or,  what 
was  formerly  called,  a  penetration  of  dimenfions.  I  have  been 
mdeavouring  not  only  10  afcertain  the  fpecific  gravity  of  the 
compound,  but  alio  its  relative  weight ;  I  have  not  as  yet  been 
•nabled  to  prevent  fome  lofs  by  evaporation  lb  great  a  heat  pro- 
duces. I  have  been  enabled  to  determine  what  quantity  of  ice 
fuch.  a  mixture  will  diilblve. 

It  is  eafy  to  conceive  how  a  body  expanded  by  caloric  muft 
Weigh  lefs,  as  it  muft  difpoifefs  a  greater  quantity  of  air  3  on. 
this  account  it  muft  not  be  inferred  that  caloric  is  lefs  than  no- 
thing. We  know  a  lieel  bar,  when  magnetifed,  weighs  lefs,  as 
Whifton  found  one,  7  feet  long,  loft  14  grains:  this  does  not 
evuice  a  Stahlian  principle  of  levity  5  it  is  owing  to  its  gravita- 
ting tendency  towards  the  centre  of  the  earth  being  counteracted- 
hy  a  tendency  to  the  magnetic  pole. 
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one  part  of  the  fame  matter  fhall  have  a  continued 
proximate  action,  and  another  portion  a  powerful 
rectilineal  direction  ?  Could  any  previous  differ- 
ence in  velocity  make  any  effential  difference 
after  a  chemical  combination?  In  the  vegetable 
creation  the  influence  of  light  is  too  evident  to 
efcape  our  attention :  how  pale,  how  languid, 
when  expofed  even  to  a  fuperior  temperature, 
without  the  benefit  of  this  enlivening  principle  ; 
while,  on  the  contrary,  when  expofed  to  a  com- 
bination with  this  energifing  fubfiance,  it  has  the 
verdant  tint  of  health.  When  caloric  is  difen- 
gaged  by  the  concentrated  folar  rays,  it  appears 
to  be  a  fimple  chemical  decomposition,  a  body 
abforbing  light,  and  throwing  out  its  matter  of 
heat. 

By  the  eye  we  are  enabled  to  discriminate  the 
colour,  the  diftance,  the  magnitude,  and  figure 
of  external  objects,  as  well  as  their  motion  when 
attended  with  a  change  of  place  ;  in  this  order  I 
fhall  prefume  to  examine  them. 

Colours  are  now  well  known  to  be  owing  to 
the  different  refrangibility  of  the  different  por- 
tions of  a  ray  of  light;  and,  according  as  the 
furface  of  a  body  is  difpofed  to  the  reflections  of 
fuch  portions,  certain  correfponding  colours  are 
produced :  in  fact,  a  ray  of  light  appears  to  be 
compofed  of  portions  progreffively  diminifhing 
in  momenta ;  that  part  which  has  the  greatefl  force 
is  the  leaft  bent  out  of  its  courfe,  and  imprefling 
L  2  the 
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the  retina  with  the  greateft  power,  produces  the 
lively  fenfation  of  rednefs.    According  as' they 
diminifh  in  vigour,  a  diminifhed  vividnefs  of  fen- 
fation is  induced  through  the  prifmatic  fcale,  the 
orange,  the  yellow,  the  green,  the  blue,  indigo, 
and  violet :  this  appears  farther  probable  from 
Itrong  luminous  bodies,  as  the  fun,  when  viewed 
through  a  cloudy  medium,  appearing  red,  arifing 
from  the  momenta  of  the  other  different  portions 
not  being  enabled  to  overcome  the  refiftance,  are 
neceffarily  not  tranfmitted :  alfo,  when  we  paint 
the  bulb  of  a  very  fenfible  thermometer  with 
white,  it  is  near  ten  degrees  lower  than  when  co^ 
vered  with  black ;  the  former  reflecting  all  the" 
light,  while,  in  the  latter  the  whole  is  abforbed. 
If  we  paint  a  number  of  thermometers  in  the 
order  of  the  fpeclrum,  we  find,  that  in  the  violet 
the  thermometer  is  higheft,  while  in  the  red  it  is 
the  lowelt,  and  which  demon  Urates,  that  all  the 
rays  being  in  action  but  that  which  is  reflected, 
confequently  the  gradation  of  the  fall  will  mark 
the  degree  of  force.    This  is  contrary  to  the  fup- 
pofition  of  Dr.  Hartley,  who  fancied  the  vibra- 
tions in  the  retina,  from  violet  rays,  were  double 
to  thofe  produced  by  the  extreme  red  rays.  If 
Dr.  Hartley's  conjecture  was  right,  how  would 
the  nature  of  ocular  fpe&ra  be  explained?  After 
looking  at  the  fun,  we  find,  after  the  intenfity  of 
its  action  has  fubfided,  a  red  fun  appears;  then 
!  /an 
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an  orange,  &c.    Surely,  as  the  a&ion  diminifhes, 
the  vibrations  cannot  be  increafed. 

It  has  been  too  generally  fuppofed,  that  colours 
are  entirely  dependant  on  the  mind,  as  if  they  did 
not  originate  from  any  external  caufe.  Newton, 
by  throwing  the  red-making  rays  on  cinnabar, 
and  the  blue-making  rays  on  ultramarine,  demon- 
It  rated,  from  their  vividnefs,  that  their  furfaces 
were  difpofed  to  fuch  reflections.    When  the  ex- 
periment was  reverfed,  the  cinnabar  appeared  of 
a  faint  obfcure  blue,  and  the  ultramarine  of  a  dim 
red.    From  this  it  has  been  argued  that  the  co- 
lours do  not  appertain  to  the  body,  as  that  light 
is  refle&ed  that  is  not  congenial  to  it.  When 
we  view  the  fpe&rum,  we  obferve  no  definite  di- 
vifion  in  the  colours,  the  one  melting  impercepti- 
bly into  the  other  ;  that  it  is  only  their  extreme 
parts  which  can  be  well  diftinguiftied;  as  the 
colours  are  more  remote  in  the  fpe&rum,  the  lefs 
relation  they  will  have  to  each  other:  thus,  fup- 
pofing  the  red  gradually  running  into  orange,  has 

[l~  part  of  its  colour  in  that  portion;  in  the  yellow 

it  would  be  ~  of  —  viz.  —  and  fo  on,  in  a 
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decreafing  feries;  that  in  the  green  there  would 
be  an  infinitely  fmall  portion  ;  this  we  find  confo- 
nant  to  experiments:  the  orange  reflects  more  red 
rays  than  the  yellow,  and  this  more  than  the  blue ; 
fo  that  the  faiatnefs  may  be  owing  to  only  that 

portion 
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portion  being  reflected  as  enters,  as  it  were,  into 
the  compofition  of  that  particular  colour. 

The  colour  of  an  external  object  depends  upon 
an  impreffion  on  the  optic  expanfion  from  the  re- 
flection of  a  certain  portion  of  a  ray  of  light.  If 
this  be  granted,  does  it  not  neceffarily  follow  that 
light  is  material  ?  Can  we  conceive  impreffion 
without  refiftance  ?  Can  we  conceive  refinance 
without  matter  ? 

OF  THE  DISTANCE  OF  OBJECTS, 

In  the  afcertainment  of  the  diflance  of  an  ob- 
ject, our  powers  are  neceffarily  limited,  yet  they 
anfwer  the  belt  and  wifeft  purpofes  of  our  crea- 
tion; -the  extent  of  our  vifual  powers  is  fuch, 
as  fuffice  for  our  pleafures  as  well  as  our  preserva- 
tion. It  is  but  opening  the  eye,  and  the  fcene 
enters;  we  embrace,  as  it  were,  at  once  an  infi- 
nite number  of  bodies,  and  bring  into  our  reach 
the  moft  remote  parts  of  the  Univerfe.  When 
we  view  the  conchoidal  arch  above,  and  contem- 
plate the  planetary  orbs,  which  our  powers  of  cal- 
culation have  afcertained  an  immenfe  difference 
in  diftances,  yet  the  eye  is  not  capable  of  any 
iuch  diftin&ion ;  to  it  the  moon  appears  as  re- 
mote as  the  fun ;  the  fun  as  Sirius :  even  thofe 
little  electrical  emanations  in  the  air,  called  moot- 
ing flars,  fecm  as  far  diftanced  as  the  conftella- 

tion 
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Uon  of  Orion ;  and  the  fmali  elevation  of  a 
rocket  has  the  appearance  of  being  concentric 
and  in  contact  with  the  heavenly  curve  above* 
Nor,  indeed,  is  it  neceffary  that  we  (hould  fd 
penetrate  into  the  immenfity  of  fpace;  we  are 
fufficiently  enabled  to  diftinguifh  fuch  diftances 
as  are  neceffary  for  our  exiftence.  How  is  fuch 
afcertainecl  ?  Des  Cartes  fancied,  that  in  near- 
fituated  objects  diftance  may  be  known  by  the 
angle  formed  by  the  two  optic  axes.  "  Diftan- 
u  tiam  difcimus,  per  mutuam  quandam  confpira- 
"  tionem  oculorum." — Des  Cartes  Diopt.  If 
this  were  fo,  in  remote  objects,  the  ratio  would  be 
too  little  to  hold  gobd;  nor  could  diftance  be 
known  by  perfons  with  one  eye.  Dr.  Moore, 
his  cotemporary,  in  an  Epiftle  to  that  great  phi- 
lofopher,  has  (hewn,  that  fuch  could  not  be  de- 
termined by  the  vifual  angle,  for  an  object,  10 
feet  high,  and  100  yards  diftance,  would  form 
equal  angle  with  an  object  5  feet,  at  50  yards. 
Berkley,  in  his  ingenious  EfTay  on  Virion,  has 
endeavoured  to  prove,  that  diftancey  of  itfelf,  is 
only  a  line  which  impreffes  the  retina  in  a  (ingle 
point,  and  remains  invariably  the  fame,  whe- 
ther the  diftance  be  greater  or  lefs :  he  fuppofes 
that  it  is  afcertained  by  the  confufednefs,  diftinct- 
nefs,  and  faintnefs  of  objects.  When  rays,  pro- 
ceeding from  each  diftin£t  point  of  an  object,  are 
not  properly  converged,  a  confuflon  of  vifion 
gives  the  idea  of  nearnefs ;  and  when  rays  pafs 

•  through 
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through  a  grofs  medium,  fo  that  Few  arrive  from 
the  object  to  the  eye,  tlie  attendant  faintnefs  pro- 
duces the  idea  of.  diftance*  This  theory  will  ac- 
count for  the  remarkable  phenomena*  of  con- 
verging rays,  that  overturned  the  fyftem  of  a 
Tacquet,  and  embarraffed  a  Barrow,  a  Gregory, 
and  a  Newton.  Converging  rays  never  exift  in 
Nature;  in. an  unnatural  concourfe  fuch  may  be 
requirlte.  Berkley  endeavours  to  prove,  that 
diftance  is,  in  its  own  nature,  imperceptible,  there- 
fore perceived  by  fight  by  means  of  fome  other 
idea,  for  lines  and  angles,  he  fays,  are  not  per- 
ceived. Dr.  Hartley  fuppofes  the  principal  cri- 
terion of  diftance  is  the  magnitude  of  the  piclure  : 
the  obfervation  of  Dr.  Moore,  as  mentioned 
above,  demonftrates  the  error  of  fuch  a  fuppo- 
fition. 

It  appears  to  me,  that  the  fpace  between  the 
moll  vifibie  diverging  rays  and  parallel  are  to  be 

*  If  an  object  be  placed  beyond  the  focus  of  a  convex  lens> 
and  if  the  eye  be  clofe  to  the  lens,  it  will  appear  confufed,  but 
very  near  to  its  true  place.  If  the  eye  be  a  little  withdrawn, 
the  confulion  will  increafe,  and  the  object  will  feem  to  come, 
near;  and  when  the  eye  is  very  near  the  focus,  the  confufion  will 
be  exceedingly  great,  and  the  object  will  feem  to  be  clofe  to  the 
eye.  In  this  experiment  the  eye  receives  no  rays  but  what  are 
converging  ;  and  the  point  from  which  they  iftue  is  fo  far  from 
being  nearer  than  the  object,  that  it  is  beyond  itj  notwithstand- 
ing which,  the  object  is  conceived  to  be  much  nearer  than  it  is, 
though  no  very  diltinct  idea  can  be  formed  of  its  precife  diftance. 

V.  Barrows  Optical  Lectures. 

afcertained 


(   8i  ) 

afcertained  by  the  varied  action  of  the  cryftalline 
lens ;  as  we  have  reafon  to  believe,  from  its  ftruc- 
ture,  that  there  is  a  great  feries  of  progreffive 
convexities  between  the  extremes.  If  the  ad- 
meafurements  of  the  different  parts  of  the  eye,  as 
given  us  by  Monf.  Petit,  are  correct,  the  diftance 
of  perfect  vifion  will  be  near  24  inches  :  that  the 
eye,  in  its  natural  ftate,  can  fee  objects  without 
any  alteration  ;  in  near-fituated  objects,  the  di- 
verging rays  will  not  be  united  at  near  one  tenth 
of  an  inch  behind  the  retina,  and  parallel  rays 
nearly  as  much  before.  The  ftructure  of  the  eye 
will  not  allow  of  a  fufficient  removal  of  the  cryf- 
talline, for  it  is  fituated  but  a  little  more  than  one 
tenth  part  of  an  inch  from  the  cornea ;  we  never 
fee  it  advancing  fo  far  as  to  force  the  iris  for- 
wards ;  nor  can  any  alteration  of  any  part  of  the 
eye  but  that  of  the  cryftalline  fuffice :  for,  to  act 
as  a  fimple  lens,  it  certainly  has  a  too-complicated 
apparatus ;  the  different  curvatures  of  its  different 
fides,  the  accommodating  texture  of  the  external 
lamina,  and  its  fuperior  denfity  to  the  other  me- 
dia, muft  evidently  {hew,  that  an  occalional  al- 
teration in  its  form  will  anfwer  every  purpofe, 
without  producing  the  leaft  derangement.  If,  for 
viewing  near-fituated  objects,  the  anterior  portion 
is  rendered  equally  convex  with  the  pofterior, 
diverging  rays  will  be  converged  on  the  retina  ; 
when  rays  proceed  from  remote  objects,  fo  gently 
diverging  as  to  be  deemed  parallel,  the  pofterior 

M  portion 


(     82  ) 

portion  being  diminiflied  in  its  convexity,  will 
prevent  a  too  quick  convergency.  Thus,  from 
radiants,  remote  and  near  the  lens,  becomes  an 
equal  double  convex;  fuch  an  alteration  may  be 
erfefted  by  its  own  powers.  Albinus  has  proved 
to  us  its  animal  ftrufture;  that  it  is  not  infulated 
in  its  furrounding  capfule,  and  has  a  vegetative 
kind  of  exiftence ;  the  central  artery  pairing 
through  the  vitreous  humour,  fends  off  fome  mi- 
nute ramifications;  its  delicate  organization  is 
evinced  by  its  fufceptibility  of  inflammation,  and 
fubfequent  opacity.  If  we  examine  the  lens  with 
a  microfcope,  when  enveloped  with  its  tunic, 
through-  the  little  intervening  water  a  fibrous  ar- 
rangement is  eafily  obferved,  forming,  as  it  were, 
three  tendons,  uniting  in  the  centre,  and  thefe 
afted  upon  by  parallel  fibres,  like  thofe  of  a  bi- 
pennated  mufcle;  as  the  central  angles  of  all 
thefe  fibres  being  parallel  will  be  equal,  hence 
equally  aft;  upon  equal  portions  of  the  tendons ; 
as  the  fphere  is  divided  into  fix  different  arranged 
fibrous  portions,  the  central  angles  muft  neceJTa- 
rily  be  fixty  degrees  each.  If  then  we  fuppofe 
the  motive  power  of  one  fibre  equivalent  to  a 
Tingle  grain,  one  eighth  of  the  power  wilt  be  loft 
by  the  obliquity  of  the  aftion:  on  the  wing  of 
each  tendon  we  may  nearly  count  50  fibres  3  this 
produces  300  for  the  whole,  whofe  united  a6iions 
will  be  more  than  half  an  ounce.  If  this  be  the 
power  of  one  lamen,  all  the  lamina  combined 

would 
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would  fully  effect  every  thing:  when  the  lens  be- 
comes a  double  convex,  we  know  its  furface  ne- 
ceffarily  becomes  diminished;  confequently  the 
action  of  the  ciliary  proceffes  will  prevent  any 
corrugation  of  the  furrounding  capfule.  In  fifties 
this  lens  is  nearly  fpherical ;  by  refiding  in  a 
denfer  medium  than  we,  their  eye  is  proportion- 
ally larger,  as  the  refraction  of  the  rays  is  necef- 
farily  lefs.  It  is  thus,  by  an  habitual  and  cufto- 
mary  connection  between  an  alteration  of  the 
cryftalline,  and  the  diftance  of  the  object,  that 
when  this  lens  becomes  more  convex,  we  affociate 
the  idea  of  nearnefs,  and  vice  verfa.  From  what 
has  been  obferved,  that  our  fenfes  are  gradual  in 
their  acquirements,  it  muft  be  fuppofed,  that  the 
firft  impreffion  which  is  made  muft  be  confufed,  and 
the  object  to  which  the  eye  would  be  directed 
would  appear  to  be  in  contact:  with  the  vifual  or- 
gan, as  is  well  known  to  have  taken  place  in  Che- 
felden's  Boy. 

Upon  this  theory  we  may  give  a  probable  ex- 
planation of  the  phenomena  of  the  horizontal  fun 
and  moon.  It  has  been  already  obferved,  that  a 
ray  of  light  is  compofed  of  feven  portions,  each 
poffefling  different  degrees  of  refrangibility ; 
confequently,  when  paffing  through  any  ftmple 
convex  medium,  they  cannot  concentre  to  one 
point,  but  form  a  circular  fpace  of  certain  di- 
menfions.  It  is  the  different  refrangibility  of  the 
heteVogeneal  rays  which  conftitutes  this  aberration; 
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the  fpecinc  gravity  of  the  nucleus  of  the  lens  is 
i  .  346,  and  that  of  the  external  portion  1  -|, 
and  by  this  difference  the  aberration  will  be  re- 
duced; the  lens  is  conftituted  to  converge  all  the 
different  rays:  thefe  horizontal  luminaries  lofe  all 
the  more  refrangible  rays,  which  are  bent  down 
by  the  fpherical  atmofphere;  while  the  red  and 
orange,  being  lefs  bent,  are  tranfmitted;  thefe 
not  being  fo  quickly  converged,  an  alteration  is 
required  in  the  lens,  to  make  it  more  convex 
than  what  is  neceffary  in  viewing  the  meridian 
fun,  hence  imagined  nearer,  and  confequently 
larger.    V.  Newton,  prop.  1.  lib.  1. 

With  refpecl  to  the  magnitude  of  bodies,  fuch 
appear  to  me  to  depend  upon  a  peculiar  ftrudture 
of  the  expanfion  of  the  optic  nerve. 

When  a  tranfverfe  feclion  of  the  eye  has  been 
made,  we  fee  the  concavity  lined  by  a  femi-peU 
lucid  membrane,  formed  by  the  fpreading  out  of 
the  optic  nerve.  By  being  equidiftant  from  the 
cryftalline  lens,  it  is  properly  fituated  for  receiving 
an  equal  and  regular  impreffion;  being  alfo  of  a 
white  colour,  it  equally  reflects  all  colours,  and 
hence  diftinclly  retains  the  impreffed  vibrations. 
On  examining  its  texture  through  a  glafs  which 
magnifies  forty  times,  there  appeared  like  a  vel- 
vet dawn  upon  its  furface;  the  decuffations  muft 
be  infinitely  fine,  (ince  this  did  not  render  vifible 
the  leaft  interitice  ;  a  perfect  uniformity  in  its  ap- 
pearance, except  when  interrupted  by  the  mi- 
t  nute 
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hute  branches  of  the  optic  veflels.  From  what 
net-like  form  this  has  been  termed  retina  I  know 
not.  By  accurately  examining  thefe  threads  or 
fibrillar,  when  thus  magnified,  they  appeared  about 
the  fize  of  a  hair  of  the  head ;  a  hair  meafures 

—  part  of  an  incU :  hence  one  of  thefe  little 
aoo  1 

threads  will  be  equal  to  the  eight  thoufandth  part 
of  an  inch. 

Perhaps  from  this  ftru&ure  it  may  be  explained 
why  our  powers  of  feeing  are  limited  with  refpecl 
to  the  magnitude  of  objects.  If  we  fuppofe  that 
fuch  are  only  vifible  which  can  imprefs  two  or  more 
of  thefe  fibrillar,  we  fhall  then  find  a  remarkable 
coincidence  between  the  fize  of  the  fmalleft  vifi- 
ble object,  and  the  fpace  that  two  of  thefe  fibril \m 
will  occupy.  De  la  Hire  has  obferved,  that  h-d 
was  enabled  to  fee  the  fail  of  a  windmill  6  feet  in 
diameter  at  the  diftance  of  4000  toifes;  the  pic- 
ture at  the  bottom  of  the  eye  will  be        part  of 

an  inch,  and  which  correfponds  to  the  interval 
between  two  of  thefe  nervous  fibrillar.  We  may 
thus  explain  why  fome  men  may  have  more  ex- 
tenfive  powers  of  feeing,  by  having  the  fibrillar 
ftill  more  minute.  Mufchenbrock  tells  us  of  one 
man  he  knew,  who  could  count  thirteen  ftars  in 
the  Pleiades,  and  could  diitinguifh  three  fateU 
lites  of  Jupiter.  From  the  angle  thefe  would 
fubtend,  the  pi&ure  formed  at  the  bottom  of  the 

eye 
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eye  would  be  part  of  an  inch  ;  in  fuch  & 

man  the  interval  between  the  fibrils  would  be  lefs 
than  half  the  diftance  than  in  a  common  eye.  * 

This  will  alfo  explain  the  reafon  why  we,  are 
not  fenfible  to  any  impreffion  on  the  optic  nerve; 
in  this  part  there  being  no  fibrillae,  confequently 
not  that  fenfible  arrangement  as  to  be  fufceptible 
of  fuch  impreffions. 

It  cannot  be  difficult  to  conceive  how,  from 
experience,  we  may  acquire  an  idea  of  magnitude. 
Berkley  feems  defirous  of  diftinguifhing  the  mag- 
nitude of  an  objeff  from  that  of  the  pifture ;  he 
fays  the  former  is  invariably  the  fame,  while  the 
latter  changes,  according  to  the  fituation  of  the 
obferver ;  thus  he  farther  obferves,  that  when  we 
are  looking  at  the  moon  we  fee  a  round  luminous 
plain,  about  thirty  vifible  points  in  diameter:  if 
we  advance  towards  it  50  or  60  femi-diameters  of 
the  earth,  there  would  be  no  veftige  of  its  former 
appearance  ;  the  original  objecl  has  long  fince  dif- 
appeared.  This  appears  to  me  as  ftrong  an  argu- 
ment againft  his  own  do'clrine  that  can  be  ad- 
vanced; the  mind,  he  does  not  fuppofe,  eari 
change,  it  remains  invariably  the  fame ;  and  by 
the  creation  of  a  material  world,  he  means  no 
more  than  that  God  had  decreed,  from  that  time, 
to  produce  ideas  in  the  minds  of  finite  fpirits,  in 
that  order,  and  according  to  thofe  rules,  which 
we  calKthe  laws  of  Nature;  fo  that,  according 

to 
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to  this,  it  is  a  law  of  Nature,  that,  as  we  approach 
or  recede  from  nothing,  that  nonentity  mail  vary 
in  its  appearance.  How  eafily  are  all  thefe 
changes  explained  by  the  fimple  theory  above  at- 
tempted. In  whatever  fituation  we  are  placed, 
the  object  of  our  fenfes  undergoes  no  change; 
fuppofing  I  am  placed  within  a  foot  of  an  exten- 
five  building,  only  part  of  it  then  becomes  an 
objecl:  of  my  fenfe,  as,  from  the  conftru&ion  of 
my  eye,  its  powers  of  receiving  light  are  neceffa- 
rily  limited.  If  the  building  is  fifty  feet  wide," 
at  the  diftance  of  one  foot,  it  would  require  the 
bottom  part  of  the  eye  to  be  thirteen  inches  long 
to  admit  all  the  rays  of  light  reflected  from  the 
building.  How  difproportionate  would  fuch  a 
ftructure  be ;  how  contrary  to  the  purpofes  of 
our  exiftence.  As  rays  of  light,  in  pervading 
the  eye,  neceffarily  interfe6l  each  other  a  little 
beyond  the  pofterior  part  of  the  cryftalline  lens5 
the  diftance  between  this  interfeclion  and  the  in- 
ternal bafe  is  about  half  an  inch.  If  we  fuppofe 
the  fibrillated  part  of  the  retina  to  be  an  inch  in 
extent,  it  muft  appear  evident  that  the  eye,  to 
embrace  the  whole  objeft,  muft  be  placed  at  a 
diftance  not  lefs  than  half  the  width  of  the  build- 
ing ;  in  this  cafe,  to  fee  the  whole,  we  muft  be 
25  feet  from  the  building. 

Why  then  does  it  vary  in  its  appearance  as  we 
approach  or  recede?  It  has  already  been  re- 
marked, that  a  windmill  fail,  6  feet  in  diameter, 
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was  vifible  at  the  diftance  of  4000  toifes;  had  k 
been  3  feet  only,  it  would  not'  have  been  feen. 
Suppofe  a  building  divided  into  portions  of  3 
feet,  at  the  above  diftance  fuch  parts  could  not 
be  feen,  as  the  picture  of  fuch  would  not  be 
equal  to  the  interval  of  two  fibrils  5  but  6  feet 

will  imprefs  the  fpace  of        part  of  an  inch;  fo 

that  the  eye  is,  in  fact,  not  impreffed  by  any  of 
the  intermediate  parts  of  the  object ;  as  we  ap- 
proach, the  rays  of  light  are  more  diverging,  and 
confequently  the  fpace  of  6  feet  will  produce  a, 
picture  which  will  cover  or  imprefs  a  greater  num- 
ber of  fibrils;  it  is  not  thus  the  object  that  is 
changed,  or  the  quantity  of  rays  of  light  any 
ways,  altered,  but  a  neceffary  confequence  of  our 
organization.  A  fly,  we  know,  from  its  ftruc- 
ture,  from  the  thoufands  of  divifions  of  each  cor- 
nea, the  radii  of  whofe  corniculae  are  not  more 
than  the  thoufandth  part  of  an  inch,  can  necef- 
farily  converge  rays  proceeding  from  objects  at 
the  two  or  three  hundredth  part  of  an  inch  fituated 
from  itfelf,  nearly  two  thoufand  times  nearer  than 
we  can:  infects  infinitely  lefs  than  a  fly  even  this 
fpace  may  appear  a  world:  the  eye  of  a  mite, 
how  exquifitely  fine,  and,  if  there  is  any  analogy 
in  ftructure,  how  inconceivably  delicate  muft  the 
nervous  fibrils  be  ;  and  there  may  be  infects  to 
whom  a  mite  is  an  elephant :  we  may  even  carry 
our  imagination  fo  far,  as  to  fuppofe,  with  Male- 
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branche  and  Valifneri,  that  in  a  fpot  our  vifual 
powers  are  not  capable  of  difcriminating  a  world 
may  be  contained  *. 

Why  we fee  not  ObjeEts  diflinElly  when  placed 
nearer  than  fix  or  feven  Inches. 

It  mull  appear  evident,  that  all  the  rays  of  light 
which  are  thrown  from  any  particular  part  of  a 
body,  or  external  object,  unlefs  they  form  a  cor- 
refponding  and  proportionate  part  on  the  retina, 
the  whole  impreffion  muft  be  confufed.  If  I  am 
placed  at  fuch  a  dittance  from  a  houfe  as  a  fquare 
yard  of  the  building  will  occupy  upon  the  re- 
tina, an  area  of  one  tenth  part  of  an  inch,  every 
other  fquare  yard  of  the  building  being  equally 
reprefented  in  the  eye,  there  will  then  be  a  pro- 
per ratio  between  the  picture  and  the  object;  if, 
inftead  of  one  tenth  of  an  inch,  it  mould  be  fpread 
over  one  fifth  of  an  inch,  the  fame  fibrillae  would 
be  impreffed,  at  the  fame  time,  by  rays  of  Jight 

*  Cio  che  in  quefto  cagiona  il  noftro  errore,  (i  e,  ch'  eflendo 
la  noftra  villa  limitata,  noi  penfiamo,  che,  anche  tale  fia  Y  ef- 
tenfione,  de'  corpi,  ed  al  contrario  1'  eftenfione  de'  corpi  e  in 
urn  fenfo  infinita,  ed  una  piccola  parte  di  materia,  che  li  naf- 
conde  a  noftri  occhi,  e  capace,  come  dice  V  autore  delta  reverca 
della  verita  di  contenere  un  mondo,  dentro  il  quale  fonero  tuttae 
quelle  cofe,  a  proporzione  piu  piccole,  che  nel  noftro  mondo, 
in  cui  viviamo,  fi  trovamo.  Valifneri,  part,  %,  chap.  9. 
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from  different  pans  of  the  object;  fo  indeter^ 
minate  would  die  impulfes  be,  that  only  a 
confufed  fenfation  would  arife :  this  muft  be 
the  cafe  in  both  the  near-fighted  and  the  aged 
eye;  in  both  the  rays  become  difperfed,  with 
this  difference,  m^the  former,  the  rays  unite  too 
foon,  i.e.  before  they  arrive  at  the  retina;  and 
in  the  latter  too  late  * :  moreover,  the  fibrillar 
require  that  they  fhould  be  impreffed  by  the 
united  rays,  that  there  may  be  a  peculiar  effect 
refulting'  from  the  rays  thus  combined  into  a 
point,  and  each  point  impreffing  a  {ingle  fibril ; 
this  appears  to  be  the  reafon  why  Nature  has  fo 
beautifully  arranged  the  eye,  that  no  aberration 
or  wandering  of  a  ray  of  light  fhall  be  pro- 
duced t.  Dr.  Jurin,  in  his  very  learned  Effay 
omdiftinQ;  and  indiftinft.  Vifion,  fuppofes,  that  in 
near-fituated  objects  all  the  rays  do  not  unite,  if 
the   central  part   has   the   fame  proportionate 

*  Euler  fuppofed  the  eye  perfectly  a  chromatic,  but  Dr. 
Mafkclyne  has  computed  the -diameter  of  the  circle  of  the  aber- 
ration upon  the  retina,  and  found  it  to  be  .  00^667  of  an  inch. 
He  thinks  fome  men  aberration  is  neceffary  to  account  for  the 
fenfible  diameter  of  fome  of  the  fixed  ftars. 

f  The  circle  of  aberration  may  be  thus  explained :  in  making 
ufe  of  a  common  burning  glafs,  it  is  obferved,  that  the  rays  of 
light,  in  palling  through  the  glafs,  are  not  united  into  an  exact 
point;  but  form  a  circular  fpace  of  fome  dimenfions,  greater 
than  ought  to  arife  from  the  image  of  the  fun  j  the  excels  is  ia 
wnfequence  of  the  aberration  of  the  rays. 

2  quantity 
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quantity  of  light,  will  only  appear  confufed  about 
the  extremes;  if  I  am  looking  at  a  crown  piece, 
placed  within  four  inches  of  my  eye,  the  middle 
of  it  I  ought  to  fee  diftinct,  and  only  the  edges 
confufed;  as  the  rays  of  light  do  not  imprefs 
the  retina  in  united  points,  but  form  thereupon, 
Prom  their  conical  directions,  many  circular  por- 
tions, what  ought  to  have  been  united  into  one 
point,  are  now  diffipated  over  a  larger  fpace,  and 
which  he  calls  circles  of  diffipation.  It  is  eafy  to 
conceive  how  all  thefe  circles  of  diffipation  will 
produce  an  equal  intenfity  of  light  in  the  central 
part  of  the  image,  and  faint  towards  its  bounds. 
Fo  me,  in  practice  and  theory,  the  whole  appears 
equally  confufed;  the  fame  fibril  is  impreffed  by 
is  many  different  rays  as  there  are  circles  of  diffi- 
pation; there  is  not  that  impulfe  neceffary  to 
serfect  vifion.  If  I  might  be  admitted  to  con- 
lecture,  I  would  fay,  that  the  neceffary  effect:  is 
hat  which  arifes  from  the  production  of  a  third 
notion;  that  it  is  the  refult  of  the  compofition  of 
brces,  as  the  rays  of  light,  before  their  union, 
ire  moving  in  different  directions;  at  the  point 
)f  union  the  combined  power  is  not  equal  to  the 
inn  of  both,  but  varies  as  the  rays  are  inclined  to 
^ach  other. 
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Greater  Imprejfions  on  the  Fibrillce  will 
dejlroy  thofe  which  are  weaker. 

At  the  approach  of  day,  as  the  morning  twi- 
light increafes,  the  eye  begins  to  be  illuminated 
by  the  reflection  of  the  atmofphere;  the  liars 
grow  faint,  and  difappear  by  degrees;  the  moon 
lofes  her  luflre,  and,  at  length,  her  light  is  over- 
powered by  that  quantity  which  is  diffufed  over 
the  hemifphexal  regions  *.  All  of  us  muft  have 
obferved  the  dufty  particles  floating  in  a  beam  of 
light  let  into  a  darkened  room,  but  which  difap- 
pear as  foon  as  the  room  is  enlightened.  It  is 
thefe  dufty  particles  which  produce  the  fcintilla- 
tion  of  the  flars;  in  bodies  placed  at  fuch  an  im- 
menfe  diftance,  fo  infinitely  fmall  the  angles  they 
iubtend,  as  to  be  partially  obfcured  by  fo  minute 
a  particle ;  this  may  be  illuftrated  by  a  very  Am- 
ple experiment :  if  we  place  a  (mail  piece  of 
looking-glafs  on  the  ground,  fo  that  it  may  reflect 
to  us  the  fun's  light,  when  at  about  50  yards, 
it  has  a  fteady  uniform  luminous  appearance,  as 

*  From  theory  it  would  fecm,  that  the  light  of  the  moon 
would  not  appear  to  be  more  than  90,000  times  weaker  than 
the  fun ;  from  experiments  by  the  celebrated  Bougouer,  it  Was 
afcertained  to  be  300,000  times  weaker.  This  demonltrates 
how  fruitlefs  the  attempts  of  Boerhaave  and  others  muit  be  in 
endeavouring  to  produce  any  fenfible  heat  from  its  concentration. 
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the  planets  have,  when  we  remove  one  hundred 
yards,  we  perceives  its  twinkling. 

Although   we  cannot  fee  the  ftars  in  the 
day-time,  yet  either  in  a  deep  well,  or  by  a 
telefcope,  we  can  fee  them.    Mr.  Ludlam  has 
conjectured,  that  as  a  liar  is  a  point,  in  view- 
ing it  through  a  telefcope  the  (unrounding  fky 
appears  fainter,  becaufe  the  light  is  diffufed  over 
a  larger  furface ;  while  a  (tar  hath  no  linear 
dimenfions,  hence  preferves  its  fame  intenfity. 
In  this  explanation  there  feems  many  difficulties; 
if  a  ftar  is  a  mere  fimple  thread  of  light,  how 
comes  it  that  we  make  it  vary  in  its  appearance, 
by  altering  the  glades  of  the  telefcope  ?  or  how 
would  this  explain  its  being  feen  in  a  well?  It 
appears  to  me  to  arife  from  this  circumftance*  : 
fuppofing  a  ray  of  light,  when  emanated  from  a 
luminous  body,  by  reflection  lofes  one  third, 
every  fucceffive  reflection  the  lofs  increafes  in  a 
certain  feries;  in  the  fecond  reflection,  let  it  be 
granted  it  lofes  one  half,  the  third  three  fourths, 

*  That  by  every  fucceffive  reflection  of  light  a  greater  pro- 
portionate quantity  is  loft,  according  to  the  number  of  re- 
flections, I  am  more  convinced,  from  repeating  fome  experi- 
ments of  Buffon  on  reflecting  mirrors ;  the  exact  decreafe  I  have 
not  yet  afcertained :  by  inclining  fix  mirrors,  fo  that  the  reflec- 
tion from  the  firft  {hall  fall  on  the  fecond,  this  on  the  third,  &c. 
the  image  of  a  lighted  candle  became  fo  faint,  as  hardly  to  be 
diftinguifhed ;  this  method  will  afford  us  fome  ratio  between  the 
intenfity  of  light  diffufed  over  the  room,  and  the  intenfity  on 
the  firft  mirror. 

&C. 
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&c.  if  we  fuppofe  the  light  diffufed  over  thche- 
mifphere  lofes  one  third  by  being  reflected  to 
us ;  yet  in  that  ftate  is  equal  in  intenfity  to  the 
light  emitted  from  the  ftars ;  the  fecond  reflection 
of  the  fky  is  only  the  firft  of  the  ftars  ;  fo  that  we 
fhall  find  the  decreafe  of  the  former  is  more  ra- 
pid than  in  that  of  the  latter ;  thus  JL  of  3-  -J 
will  exprefs  the  ftate  of  light  after  the  fecond  re- 
flection ;  while  *  —  *  =  4  the  quantity  of  light 
in  a.ftar  after  the  firft  reflection,  which  being  one 
ninth  greater,  is  confequently  vifible. 

That  Imprejfwns  on  the  Fibrillar  do  net 
ceafe  the  Injlant  the  ObjeEl  is  removed. 

Sir  Ifaac  Newton  fuppofed  an  impreffion  might 
laft  about  a  fecond ;  the  Bifhop  of  LlandafF,  by 
a  more  accurate  experiment,  afcertained  it  to  be 
of  a  minute;  thus,  when  a  lighted  body  h 
turned  round,  it  appears  like  one  continued  lu- 
minous circle;  the  fucceffive  impreiTions  take 
place  before  the  preceding  ones  expire,  and 
produce  an  idea  of  continuity.  •  A  remarkable 
example,  illuftrative  of  this,  occurred  in  a  watch- 
maker in  Paris;  when  I  refided  there  he  lived  in 
the  Quai  des  Auguftins ;  he  had  a  remarkable  vi- 
bratory motion  of  the  globe  of  the  right  eye  in 
an  uniform  continued  action.  Monf.  Andravi, 
who  had  attended  him,  told  me  that,  as  near  as 

he 
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he  could  obferve,  a  vibration  correfponded  to  an 
arterial  pulfation,  and  yet  the  minuteft  part  of  his 
bufinefs  he  could  fee  without  the  leaft  interruption ; 
indeed,  that  eye  he  perceived  ftronger  than  the 
other,  although  Borellus  fays  the  left  eye  is  always 
the  ftronger. 

How  the  Imprejfions  are  dijlinguifhed. 

From  what  has  been  already  obferved,  it  is 
almofl:  impoffible  that  a  ray  of  light  {hall  emerge 
from  a  body  in  every  refpecl  in  fimilar  circum- 
flances,  with  the  fame  degree  of  inclination,  fo 
that  the  refulting  momenta  (hall  exa&ly  corref- 
pond ;  the  fame  body  will  imprefs  each  eye  in 
precifely  the  fame  manner;  when  thefe  impref- 
fions  have  been  frequently  repeated,  the  mind 
recollects  the  fimilarity  of  the  impulfe,  and  affixes 
that  name  which  has  been  in  general  affirmed. 
Some  have  conjectured,  whether  impreffions  from 
fimilar  objects  on  different  men  vary  or  not?  It 
would  produce  no  confufion,  as  the  fame  name  is 
generally  adopted.    If  we  fuppofe  a  fcarlet  pro- 
duces an  impreffion  on  one  perfon's  eye  equal  to 
two,  while  a  blue  fhall  only  be  equal  to  one, 
whenever  he  has  the  impreffion  two,  he  affociates 
the  idea  of  fcarlet,  &c.    Suppofing  this  was  re- 
verfed  in  another  perfon,  fcarlet  would  then  be 
affociated  with  an  impreffion  equal  to  one. 

Although 
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Although  the  vibrations  in  different  perfons*  op- 
tic fibrillar  may  not  be  ifochronous,  yet,  with  re- 
fpecl  to  themfelves,  they  feem  to  preferve  the 
fame  proportion,  as  all  agree  that  the  impreffion 
from  fcarlet  is  more  vivid  than  from  blue. 

How  we  fee  ObjeEls  Jingle. 

It  would  appear,  that  as  the  fame  objeft  is  re- 
prefented  twice  to  the  mind,  by  being  tranfmitted 
through  two  eyes,  that  we  ought  to  fee  double. 
As  the  fibrillae  of  each  retina  are  in  the  fame  har- 
monious unifon,  impreffed  by  fimilar  rays,  the 
aflions  induced  muft  correfpond  ;  when  this  har- 
mony is  deftroyed  by  difeafe  or  drunkennefs,  ob- 
jects will  neceflarily  appear  double.  Dr.  Hep- 
burn tells  us,  that  the  late  Rev.  Mr.  Forfter  hav- 
ing been  blind  forborne  years  with  &gv,tta ferena, 
was  reftored  to  fight  by  falivation  ;  upon  his  firft 
beginning  to  fee,  all  objects  appeared  to  him 
double,  and  the  two  appearances  approaching  by 
degrees  till  they  united  *.  By  means  of  two  eyes 
we  are  enabled  to  take  in  a  larger  range,  and  fee 
obje&s  more  diftinclly. 

It  does  not  appear  neceffary  that  precifely  the 
fame-fituated  fibrillar  mail  be  impreffed  by  light 

*  This  is  no  ways  contrary  to  the  obfervations  of  Chefelden 
on  the  young  gentleman  he  couched,  as  he  was  relieved  of  only 
one  eye  at  once. 

from 
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from  the  fame  point  of  an  object,  as  in  cafes  of 
fquinting,  where  the  axes  of  the  eyes  are  not  di- 
rected to  the  fame  object,  yet  the  object  only  ap- 
pears (ingle ;  this  difeafe  does  not  arife  from  any 
peculiar  fehfibility.  in  any  particular  part  of  the 
retina,  but  a  vicious  habit  contracted  by  a  child, 
when  fo  improperly  placed  as  to  fee  either  the 
light,  or  any  other  remarkable  object,  with  one 
eye  only  *. 

FALLACIES  OF  VISION. 

From  the  ignorance  of  the  ancients  refpecting 
the  nature  of  colours,  it  is  no  wonder  they  mould 
attribute  thofe  colours  that  are  feen  in  the  tail  of 
a  peacock,  and  which  change  with  the  pofition,  to  a 
fpecies  of  deception,  or,  as  Seneca  calls  it,  falfe 
colours  (Nat.  Queft.  lib.  1.  cap.  7.);  while  fome 
fuppofed  colour  was  the  fuperficies  of  the  body; 
others,  as  Plato,  imagined  it  was  a  flame  ilfuing 
from  it.  It  was  the  great  Des  Cartes  who 
firft  fuggefted  colours  were  only  modifications  of , 
light;  and  had  he  not  been  biaffed  by  his  favourite 
Vortices,  he  would  have  been  the  Newton  of  the 
age  ;  fince  the  prifmatic  decompofition  of  the 
rays  of  light,  and  the  obfervations  of  Newton 


»  See  Buffon  and  De  la  Hire  on  Squinting. 
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on  the  reflections,  refractions,  and  colours  of 
thin  tranfparent  bodies,  why  they  change  with  the 
obliquity  of  the  eye,  requires  no  farther  demon- 
ftration. 

The  crooked  appearance  of  an  oar  in  water  has 
been  adduced  as  another  evidence  of  the  fallacy 
of  vifion;  here  is  no  deception  ;  the  rays  of  light 
are  actually  bent,  becaufe  they  are  pafling  out  of 
one  medium  into  another,  and  thus  imprefs  the 
eye  in  a  refracted  Mate ;  it  is  rather  furprifing 
that  luch  mould  have  been  adduced  by  the  an- 
cients, as  they  were  acquainted  with  the  mod  im- 
portant properties  of  light. 

So  objects  magnified  in  a  fog  are  not,  as  Berk- 
ley fuppofes,  owing  to  their  being  fainter,  and 
confequently  imagined  larger ;  if  two  fimilar 
flzed  objects  mould  be  placed  fo  as  to  be  viewed 
through  a  fog,  and  the  one  reflected  as  much 
light  again  as  the  other,  according  to  this  theory, 
ought  not  to  appear  fo  large;  this  effect;  we  do 
not  find:  all  objects  appear  not  only  fainter,  but 
alfo  larger,  from  the  rays  of  light  being  refracted 
through  the  mi  fly  medium,  and  confequently  dif- 
fufed  over  a  larger  fpace;  fo  that  not  only  fewer 
rays  enter  into  the  eye,  but  thofe  which  do  enter 
are  more  diverging,  the  angle  is  larger,  and  the 
object  mult  ncceflarily  appear  fo. 

Every  one  mult  have  obferved  that  a  fly  pafling 
;  near  the  eye  has  raifed  the  idea  of  a  large  bird, 
2  owing 
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owing  to  the  eye  not  then  being  prepared  to  fee 
fo  near  a  fituated  object ;  the  light  is  diflipated 
over  a  greater  number  of  fibrils  in  that  uncon- 
verged  manner  as  to  produce  a  confufed  idea  of 
a  larger  animal. 

When  we  fee  a  man  at  a  hundred  yards  dis- 
tance, he  ought  to  appear  to  us  only  half  the  fize 
as  when  at  fifty,  yet  we  obferve  no  difference ; 
a  child  of  three  or  four  years  of  age  feeing  a 
man  a  hundred  yards  off,  takes  him  for  a  boy; 
fo  we,  when  placed  in  a  fituation  we  have  not 
been  accuftomed  to,  as  at  the  top  of  a  high  build- 
ing, or  the  monument,  or  if  looking  upwards  at 
the  dragon  on  Bow  fteeple,  or  at  the  elevated 
dome  of  a  building,  thefe  fufficiently  mew  that 
there  is  no  fallacy  in  the  optic  powers  ;  the  num- 
ber of  fibrillar  that  are  impreffed  by  the  fame  ob- 
jecY  is  in  the  ratio  of  its  diftance.    When  we 
have  been  accuftomed  to  contemplate  an  object 
at  the  diftance  of  perfect  virion,  wre  affociate  this 
appearance  to  the  fame  objecl;  feen  more  remote. 
It  is  owing  to  this  that  a  perfon,  when  viewing 
through  a  telefcope  a  man  at  one  hundred  yards 
diftance,  and  being  told  it  magnifies  one  hundred 
times,  is  furprifed  that  the  man  mould  not  appear 
one  hundred  times  enlarged;  not  being  aware  that 
his  idea  of  the  man  is  only  the  affociation  from 
the  appearance  of  him  at  the  diftance  of  twenty- 
four  inches,  or  perfect  vifion  •  the  telefcope  only 
enlarges  the  real  angle  the  man  fubtends,  fo  that 

O  2  he 
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he  would  appear  no  larger  than  if  placed  at  the 
diftance  of  one  yard, 

Berkley,  in  the  farther  fupport  of  his  fyftem, 
fays,  images  excite  the  fame  ideas  as  real  obje&s 
do;  the  reprefentation  of  a  perfon  in  a  glafs,  a 
picture :  if  I  am  looking  at  myfelf  in  a  common 
looking-glafs,  I  always  obferve  my  own  face  as 
far  beyond  the  glafs  as  I  am  anterior  to  it.  By 
tracing  the  rays  of  light  which  are  thrown  from  the 
face  on  the  mirror,  this  muft  appear  evident;  the 
rays  which  are  thrown  on  the  quick-filvered  fur- 
face  of  the  glafs  are  reflected  to  us  in  equal  angles ; 
the  ftate  of  the  fpreading  rays  on  the  glafs  mark 
the  diftance  of  the  object  from  the  glafs,  and 
which  being  added  to  the  diftance  between  the 
eye  and  the  glafs,  will  be  the  diftance  it  appears 
to  us ;  as  confequently  the  rays  on  the  furface  of 
the  glafs  are  juft  as  diverging  as  the  rays  proceed- 
ing from  an  object  placed  at  the  fame  diftance  be- 
hind the  glafs. 

THE  MOTION  OF  A  BODY, 

Malebranche,  who  has  endeavoured  to  prove 
the  fallacioufhefs  of  all  our  fenfes,  after  attempt- 
ing to  fhew  that  there  can  be  no  dependance  on 
our  ideas  of  diftance;  from  this  he  demonftrates 
the  errors  of  our  fight  with  refpecl:  to  motion; 
certainly  he  is  fo  far  correct,  that  bodies  moving 

with 


(    ioi  ) 

with  equal  velocities,  their  celerities  will  appear 
to  us  in  the  ratio  of  their  diftances.  Motion 
produces  fucceflive  impreffion  on  fucceflive  fi- 
brillar; to  talk  of  abfolute  motion  and  abfolute 
magnitude  is  abfurd ;  we  can  only  compare  the 
ftate  of  one  body  with  that  of  another,  and  there- 
fore all  our  ideas  muft  be  relative;  as  with  mag- 
nitude we  mewed  that  our  powers  were  neceflarily 
limited,  fo  alfo  is  it  with  motion:  there  may  be 
fuch  imperceptible  to  us,  yet  to  fome  infecfcs 
may  be  as  rapid  as  a  comet  in  its  perihelion. 
What  may  be  the  limits  of  the  leaft  and  greateft 
viable  motions,  might  be  a  fubjecl;  of  curious 
inquiry;  we  know  impreflions  continue  nearly  a 
fecond  of  time;  we  know,  alfo,  that  a  circular 
card,  on  which  are  painted  the  prifmatic  colours, 
being  brifkly  turned  round,  appears  white,  and  we 
may  eafily  conceive  that  a  body  may  move  with 
fuch  rapidity  as  not  to  be  vifible;  that  its  motion 
may  be  fo  great  as  to  entirely  change  the  direc-* 
tion  of  the  rays  of  light,  by  imparting  to  them  its 
centrifugal  power. 

We  find  all  external  things  *  which  are  the  ob- 

jea$ 

*  Gould  it  have  ever  been  fuppofed  that  men,  after  many 
years  exercife  of  the  fenfe  of  feeing,  mould  have  never  experi- 
enced that  objects  vary  in  their  apparent  or  vifual  magnitude, 
according  as  they  are  diftanced,  yet  fuch  has  been  maintained 
fcy  philofophers  in  no  refpect  contemptible  j  thus  Lucretius  tells 
us  Epicurus  fancied  the  moon  was  no  larger  than  what  it  feems. 

Lunaque 
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jects  of  the  fenfe  of  vifion  are  fuch  in  conic- 
quence  of  the  light  thrown  off  their  furfaces 
producing  certain  aclions  within  the  eye  j  that 
there  are  fuch  extent  of  powers  as  anfwer  the 
purpofes  of  our  creation ;  although  we  cannot  fee 
thofe  minute  particles  which  are  vifible  to  micro- 
fcopic  infe&s,  we  poffefs  what  they  do  not,  a 
more  extenfive  range  of  vifion;  thus  each  is  ad- 
mirably calculated  for  the  fphere  he  is  to  move 
in  :  fuppofing  we  were  endowed  with  fuch  pow- 
ers of  fight  as  to  penetrate  into  the  innermoft  re- 
ceffes  of  matter ;  that  we  could  fee  the  conftitu- 
ent  particles  of  bodies,  and  the  interftices  formed 
by  their  mechanical  arrangement ;  or,  with  Dr. 
Highmore,  behold  the  magnetical  effluvia  dancing 
like  fmoke  in  circumgyrations  round  their  re- 
fpe&ive  poles,  fhould  we  be  fo  happy  as  we  are? 
Could  we  then  contemplate  with  fatisfaclion  the 
furfaces  of  thofe  bodies  which  now  afford  us  fo 

Lunaque  five  Notho  fertur  loco  lumine  luftrans, 

Sive  fuam  proprio  ja£tat  de  corpore  luccm, 

Quicquid  id  eft  nihilo  fertur  majore  figura, 

Q.uam  nollris  oculis  quam  cernlmus  effe  videtur. 
Epicurus  himfelf  mentions  fuch  an  opinion  in  his  Epiftle  t© 
Pythocles. — V.  Diogenes  Lucretius,  lib.  10. 

So  Mr.  Hobbs,  in  his  Philofophical  Elements,  direclly  fays 
the  fun  and  moon  are  precifely  of  the  fame  fize  they  appear  to 
us  :  he  fays,  "  if  diftance  took  away  any  of  the  magnitude  of 
tff  thefe  luminaries,  they  could  not  be  feen  fo  diftinclly."  It  is 
rather  furprifing  that  Mr.  Hobbs,  who  was  certainly  a  good 
mathematician,  mould  have  made  fuch  a  miftake. 

much 
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much  pleafure  ?  Would  our  eye  wander  giddily 
along  thofe  animated  fpheres  on  which  it  now  de- 
lights to  dwell,  not  knowing  where  to  flop  ?  No; 
to  us  they  would  be  no  longer  beauties;  they 
would  appear  like  the  gigantic  inhabitants  ofBrob- 
dinag  to  Gulliver;  the  delicate  fmoothnefs  would 
fink  into  a  loricated  appearance,  and  inftead  of  a 
Venus  de  Medicis  we  mould  have  an  alligator; 
the  beauty  of  motion  as  well  as  of  figure  would 
be  deftroyed ;  what  we  now  admire,  a  bird  gli- 
ding gently  through  the  air,  the  beauty  would  be 
loft  in  the  rapidity  of  its  flight ;  and  inftead  of 
the  pleafure  of  contemplating  a  fmooth  running 
ftream,  we  mould  behold  a  cataract  of  Niagara. 

From  what  has  been  obferved,  I  hope  it  will 
appear  that  the  fenfe  of  feeing  is  in  no  refpe&s 
fallacious ;  that  diftance,  magnitude,  figure,  mo- 
tion, and  colour,  are  regularly  and  properly  com- 
municated to  the  mind  through  the  medium  of  the 
eye ;  that  when  we  do  err,  it  is  an  error  of  the 
judgment,  and  not  of  the'fenfe.  The  other  fenfes 
I  fhall  only  curforily  examine,  and  afterwards 
1  fhall  prefume  to  make  fome  general  deductions, 

SENSE  OF  HEARING. 

In  the  eye  the  rays  of  light  immediately  im~ 
prefs  the  nervous  organ  •  in  the  ear  the  elaftk 
tremors  of  the  air  are  never  in  contact  with  the 

auditory 
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auditory  nerve.  Notwithftanding  this  difference 
in  the  communication,  we  (hall  have  reafon  to 
obferve  a  beautiful  harmony  fubfifling  between 
the  two  fenfes. 

Whenever  the  air  is  a&ed  on  by  the  tremulous 
motion  of  an  elaftic  body,  fuch  an  effed  is  in- 
duced, that  when  ultimately  communicated  to 
the  auditory  organ  the  idea  of  found  is  excited. 

That  fuch  depends  on  the  air  is  evident  from 
the  common  experiment  of  attempting  to  pro- 
duce found  in  an  exhaufted  receiver,  and  as  the 
air  is  condenfed  the  found  is  increafed. 

Varennius  tells  us  that  Fredlicus,  when  at  the 
top  of  the  Carpathian  mountains  in  Hungary, 
fired  a  mufquet,  and  which  feemed  to  him  like 
breaking  a  little  flick,  the  air  being  fo  rare  at 
that  height  *. 

Notwithftanding  thefe  circumflances,  fomehave 
fuppofed  that  found  is  produced  by  the  impulfe 
of  an  aetherial  nature ;  for  Lord  Verulam  had 
remarked,  that  the  greateft  found  did  not  agitate 
any  flame  placed  near  it,  whilft  it  were  affected 
by  the  gentlefl  breeze  t. 

We 

*  Dr.  Halley  alfo  tells  us,  that  a  perfon  in  a  diving  bell,  at 
a  great  depth,  where  the  air  would  be  condenfed  as  many  at- 
niofpheres  as  they  were  fpaces  of  30  feet  each  deep,  in  attempt- 
ing to  blow  a  horn*  violently  ftunned  himfelf  and  his  compa- 
nions. 

f  If  we  fcratch  one  end  of  a  long  piece  of  timber  with  a  pin, 

the 
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We  ought  to  obferve  that  found  is  no  ways  a 
Similar  motion  to  that  of  wind,  the  former  being 
only  the  aciion  and  re-a&ion  of  the  aerial  parti- 
cles, without  any  change  of  place;  while  a  wind 
is  a  motion  of  the  whole  mafs  of  air.  The  na- 
ture of  found  and  wind  may  be  well  illuftrated 
by  water;  when  we  produce  that  melodious  tone 
by  rubbing  the  tip  of  the  finger  with  a  gentle  and 
equable  motion  along  the  rim  of  a  half-filled 
drinking  glafs,  we  find  the  furface  of  the  contained 
water  thrown  into  a  beautiful  curdly  appearance, 
and  feems  to  move  round  with  the  rapidity  equal 
to  the  finger;  that  there  is  no  fuch  rotatory  mo- 
tion we  may  eafily  evince,  by  placing  a  piece  of 
paper  on  the  furface  which  has  no  fuch  motion; 
here  the  particles  of  the  water  are  a  cling  and  re- 
aching on  each  other,  and  fometimes  with  fuch 
violence  as  to  fly  out  of  the  veffel,  particularly 
if  the  water  is  hot;  while  a  wind  is  more  confo- 

the  acKen  is  communicated  very  diltirictly  to  the  other  end ;  it  „ 
has  been  fuppofed  fuch  could  not  be  induced  by  the  action  -and 
re-a6tion  of  all  the  particles  of  the  wood,  as  the  effect  would 
be  greater  than  the  caufe ;  hence  it  has  been  conjectured  that  an 
setherial  principle  is  diffeminated  through  the  interftices,  and 
this  is  thrown  into  action.  As  we  well  know  that  a  large  glafs 
receiver,  by  the  ilighteft  tremor,  will  change  its  fpherical  form, 
and  become  fpheroidal,  fuch  a  change  could  not  be  effected 
without  the  particles  of  the  glafs  each  undergoing  their  refpec- 
tive  action. 
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nant  to  waves  where  a  mafs  of  water  is  moved  *. 
Galileo,  the  firft  who  obferved  a  fenfible  differ- 
ence between  the  velocities  of  light  and  found, 
eftimated  that  found  moved  about  400  yards  in  a 
fecond.  Dr.  Derham,  by  firing  cannon  on  Black- 
heath,  more  accurately  determined  it  to  be  1142 
feet  in  a  moment  f. 

The  more  perfectly  elaftic  a  body  is  which  is 
ftruck,  the  more  equally  it  fucceflively  impreffes 
the  air,  and  produces  the  moft  mufical  tones ; 
thus  glafs,  the  moft  perfectly  elaftic  of  any  body, 
produces  the  moft  perfect  tones. 

The  number  of  vibrations  in  a  certain  time 
mark  the  difference  of  tones.  Sauveur,  by  fome 
ingenious  experiments  on  organ  pipes  of  different 
lengths,  has  fhewn  to  the  production  of  fome 
tones  there  will  be  51,200  J  vibrations  in  a  fecond. 

A  body 

*  When  a  Hone  is  thrown  into  water,  we  perceive  many  cir- 
cular waves  are  produced,  all  having  the  part  where  the  Itone 
entered  as  the  common  centre  if  near  to  this  centre  the  water 
receives  another  impulfe  at  the  fame  time,  the  circles  which  are 
formed  freely  and  uninterrupted  interfe6l  the  other  circles; 
thefe  are  not  waves,  not  a  motion  of  any  mafs  of  water,  only 
the  aclion  and  re-aclion  of  the  particles  acting  from  a  centre  j 
as  the  circles  fpread,  the  power  is  more  ditfufed,  till  ultimately 
not  being  able  to  overcome  the  vis  inertiae  of  the  water,  the 
apparent  motion  ceafes. 

f  The  fwiftejt  wind  only  moves  90  feet  in  the  fame  fpace  of 
time. 

%  A  firing  giving  the  deepeft  mufical  tones  which  the  ear  can 

diftinguiftv 
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A  body  when  ftruck  never  produces  a  folitary 
fingle  found ;  there  are  certain  fecondary  and 
fubordinate  vibrations  attendant  on  the  primary : 
when  a  fire  fhovel  falls  many  founds  are  pro- 
duced, but  the  parts  which  produced  them  hav- 
ing no  mufical  proportion  to  one  another,  there 
arifes  a  jarring  diffonance;  fo  the  note  of  fwine 
is  made  up  of  many  o/hers,  as  if  proceeding  from 
a  faggot  of  pipes  out  of  tune. 

When  feveral  founds  are  arranged  in  fuccef- 
fion  to  one  another  in  a  manner  agreeable  to  the 
ear,  it  is  called  melody. 

The  art  of  pleafing  that  organ  by  the  union  of 
feveral  founds,  which  are  heard  at  one  and  the 
fame  time,  is  termed  harmony. 

A  chord,  compofed  of  founds  whofe  union  or 
coalefcence  pleafes  the  ear,  is  called  a  confonance, 
and  the  founds  are  faid  to  confonant  one  to  the 
other ;  thus  half  a  chord  is  the  moft  perfect  con- 
fonance to  the  whole,  and  called  an  octave; 
two  thirds  is  the  next  confonance,  and  is  called  a 
fifth,  and  then  a  third,  &c.  When  founds  pro- 
duced at  the  fame  time,  each  of  them  heard  by 
itfelf,  being  no  ways  coalefcent  to  the  ear,  are 

diftinguim  vibrates  1 1\  times  in  a  fecond  ;  a  fecond  firing  1 2 
octaves  higher :  the  moft  acute  the  ear  could  diftinguim  will  vi- 
brate 51,200  times  in  a  fecond,  which  is  found  by  repeating  the 
ratio  of  2  :  1  twelve  times  =  1 2f  x  2x2  x  2  X  2  X  2X 
*X2X2X2X2X2X2- 


termed 
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termed  diffonances;  thus  the  fecond  and  the  fe- 
venth  notes. 

The  ancients  meafured  founds  by  numbers, 
and  accounted  for  confonances  as  an  effecl  of 
proportion  *.  Galilaeo  was  the  firft  who  attempted 
to  account  mechanically  for  the  pleafure  we  re- 
ceive from  mufical  founds,  by  comparing  the 
vibrations  of  a  mufical  firing  with  thofe  of  a  pen- 
dulum. 

Two  pendulums  of  the  fame  length  vibrate  in 
equal  times ;  whatever  their  arches  may  be,  they 
will  be  ifochronous:  a  pendulum  four  yards  long 
will  vibrate  as  flow  again  as  a  pendulum  a  yard 
long  ;  hence  the  vibrations  are  as  the  fquare  roots 
of  their  lengths.  A  mufical  firing  being  faflened 
at  both  ends,  is  to  be  regarded  as  a  double  pen- 
dulum; hence  not  neceffary  to  quadruple  the 
length,  in  order  to  make  the  time  of  a  vibration 
twice  as  great,  it  will  be  fufficient  to  double  it. 

Thus  if  we  have  pendulums  of  lengths  cor- 
refponding  to  the  fubdivifions  of  a  monochord, 
the  vifual  confonance  in  their  vibrations  will  tell 
us  where  the  auricular  one  is  alfo. 

*  Pythagoras  would  not  admit  of  a  twelfth  to  be  a  concord, 
becaufe  its  ratio  3  :  8  neither  multiple  nor  fuperparticular. 
u  Potiores  rationes  potioribus  confonantiis  aflignabant,"  fays 
Dr.  Wallis. 

Multiple  fuperparticular  proportion  is  when  one  number  or 
quantity  contains  another  more  than  oncea  and  fuch  an  aliquQt 
part  as  will  exactly  meaiure  it  without  any  remainder. 

2  •  Befides. 
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Befides  this  coincidence,  the  monochord,  by 
being  divided  into  certain  portions,  where  the 
molt  diftincl:  tones  are  produced,  are,  in  their 
lengths,  in  the  fame  proportion  to  each  other  as 
the  divifion  of  the  rays  of  light  into  the  different 
colours. 

As  the  mind  judges  of  vifual  objects  by  the 
different  impreffions  of  light  on  the  optic  fibrillar 
fo  it  judges  of  various  founds  by  the  varied  im- 
preffions on  the  auditory  nerves*;  as,  in  the  one 
cafe,  by  experience  it  determines  the  vifual  pro- 
perties of  bodies,  fo  likewife  it  flmilarJy  ascer- 
tains the  nature  of  the  founding  body  when  ac- 
cuftomed  to  its  impreffions. 

Although  there  is  fuch  an  agreement  between 
thefe  fenfes,  neceffarily  arifing  from  the  harmo- 
nious arrangement  of  our  fyftem,  yet  they  are  to 
be  regarded  as  fenfes  diftincl;  and  independent; 
although  they  appertain  to  one  and  the  fame  foul, 
they  are  to  be  regarded  as  the  different  chords 
appertaining  to  one  and  the  fame  inftrument. 
Future  obfervations  may  evince  greater  coinci- 
dence, may  fhew  a  ft  ill  greater  alliance ;  they 
may  approximate  like  two  certain  mathematical 
lines  which  can  never  unite  t. 

ON 

*  On  compte  neuf  cens  foixante  trois  mille  deux  cens  tons 
*difF6rens  tres  diftinfts  a  i'oreille  &  qui  peuvent  encore  etre 
varies  quant  a  la  force.  Sauveur  Acad.  Scien. 

f  Thefe  are  lines  which  may  be  drawn  nearer  and  nearer  the 

curve, 
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ON  THE  SENSE  OF  FEELING. 

Thofe  parts  of  our  bodies  which  are  more  pe- 
culiarly calculated  for  the  fenfe  of  feeling  are 
endued  with  a  certain  arrangement  of  nervous 
papillae  ;  we  obferve  them  peculiarly  feated  in  the 
large  winding  ridges  at  the  ends  of  the  fingers, 
regularly  difpofed  in  fpiral  folds;  thefe,  by  the 
attention  of  the  mind,  are  raifed  and  erected, 
and  confequently  more  enabled  to  embrace  a 
greater  number  of  parts  of  external  objects. 

As  thefe  nerves  are  fimilarly  arranged,  it  may 
appear  difficult  to  conceive  how  we  are  enabled 
to  diftinguifh  fuch  a  number  of  different  bodies 
by  the  touch*.    Suppofing  an  impreffion  was 

confined 

curve,  and  yet  if  infinitely  continued  they  will  never  meet,  and 
are  then  faid  to  be  afymptotcs  of  the  curve  j  fo  alfo  two  curves 
may  be  afymptotical.  This  is  eafily  explained  hy  means  of  a 
curve,  called,  by  its  inventor  Nicomedes,  conchoid,  from  its  re- 
femblance  to  the  curvature  of  a  lhell  %  right  lines  drawn  from 
the  pole  to  the  curve  are  equal ;  if  a  line  be  fo  drawn  as  to  cut 
all  thefe  lines,  and  the  interfered  portions  are  equal,  then  fuch 
a  line  will  be  an  afymptote  to  the  curve:  as  the  lines  drawn  to 
the  pole  increafe  in  their  inclination  to  this  afymptote,  there 
will  hence  be  a  continual  approximation  to  the  curve. 

*  II  ne  m'a  pas  ete  poflible  de  concevoir,  que  des  fibres  par- 
faitement  femblabks,  pufTent  fuffire  a  recevoir  et  a  tranfmettre 
fans  confuuon  tant  d'impreifions  diverfes,    II  m'a  femble,  que 

chaque 
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confined  to  a  fingle  nerve,  the  varieties  would  be 
diftinguifhed  by  force,  and  confequently  very  li- 
mited; if  we  carry  our  fuppofition  farther,  and 
fay,  that  from  a  centre  ten  or  twelve  nerves  may 
branch  from  it,  if  a  body  preflfes  upon  any  two 
of  thefe  nerves,  as,  for  inftance,  on  the  firft  and 
fecond  nerve,  a  certain  fenfation  would  be  in- 
duced ;  if  on  the  firft  and  third,  a  different  fen- 
fation would  arife,  in  confequence  of  the  impref- 
fed  nerves  varying  in  their  inclinations  to  each 
other,  or  the  angles  they  form,  and  the  refulting 
force  varying  alfo,  fo  that  even  in  twelve  branches, 
by  fuppofing  two  nerves  only  impreffed  at  a 
time*,  there  would  be  80  different  impreflions 
nearly.    If  a  body  preffes  upon  two  nerves  with 
a  certain  force,  the  nearer  thofe  nerves  are  to 
each  other,  the  more  ftrong  the  impreffion  will 
be  felt;  the  more  diverging  the  nerves,  the  weaker 
the  imprefTion  muft  be  t. 

chaque  fibre  fenfible  feroit  ainfi  dans  le  cas  d'un  corps  pouffe  3 
la  fds  par  plufieurs  forces,,  qui  agiroient  en  fens  ditferens :  ce 
corps  recevroit  un  mouvement  co7npofe,  qui  feroit  le  produit  der 
ces  forces,  et  qui  ne  reprefenteroit  aucune  de  ces  forces  en  parti- 
culier.  Bonnet  Palingen. 

*i2  +  ii  +  io  +  9  +  8  +  7+  6  +  5  +  4H-3+2  +  1=s:78. 

*  t  If  they  Ihould  be  inclined  to  each  other  in  an  angle  of  60 
degrees,  one  eighth  of  their  force  will  be  loft ;  thus  every  de- 
gree, more  or  lefs,  there  would  be  a  variety:  this  is  eafily  afcer- 
tained  on  the  doctrine  of  the  compofition  of  forces  5  it  is  only 
compleating  a  parallelogram  by  two  other  fides  equal  in  length 
and  parallel  to  the  two  nerves,  and  the  diagonal  Une  will  exprefa 
their  united  force. 

Such 
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Such  a  fuppofition  will  explain  why  we  Can  dif«* 
tinguifh  fuch  an  aftonifhing  variety  of  impref- 
lions,  and  particularly  when  we  confider  the  al- 
moft  infinite  number  of  nerves  difperfed  over 
our  bodies  *. 

It  has  already  been  remarked,  that  the  variety 
of  the  pofitions  of  the  nerves  may  explain  the 
variety  of  fenfations  of  touch ;  when  our  fingers 
are  applied  to  an  object,  there  is  a  fenfation  of 
refinance  induced;  if  we  apply  one  finger,  we 
know  fomething  muft  exift  which  produces  this  re- 
fiftance;  the  extent  of  this  fomething  cannot  be 
afcertained  but  by  embracing  the  extreme  parts 
at  one  and  the  fame  time:  as  we  are  accuftomed 
to  view  the  fame 1  body  we  feel,  we  foon  find  a 
difficulty  to  diftblve  an  union  fo  early  begun,  and 
confirmed  by  fo  long  a  habit ;  when  we  fee  a  body 
we  have  frequently  felt,  we  immediately  affociate 
the  tangible  ideas  with  the  vifible;  the  hardnefs, 
foftnefs,  roughnefs  and  fmoothnefs,  moifture  and 
drynefs,  are  fo  frequently  combined  with  our 
ideas   of  magnitude,  diftance,  figure,  motion, 

*  Some  circumftances  which  have  occurred  would  induce  us  to 
fuppofe  that  other  parts  of  the  body  might  acquire  an  increafe 
of  fenfibility,  fo  as  to  refemble  the  power  of  feeling  in  the  papil- 
lae j  as  fome  ingenious  men  have  been  born  without  hands  or  feet, 
and  yet  capable  of  many  exertions  where  we  fhould  think  thefe 
limbs  were  abfolutely  necelfary.  In  the  Le-verian  Mufcum,  that 
Repofitary  of  Science,  there  are  the  ten  commandments  finely 
written  by  a  perfon  thus  deprived  of  both. 

and 


(    ii3  ) 

and  colour  of  an  object,  ideas  fo  fimultaneoufly 
formed,  that  we  are  apt  to  fuppofe  that  in  thefe 
two  fenfes  there  is  a  neceffary  dependance  on 
each  other*.  To  the  farther  fupport  of  fuch  a 
fuppofition,  it  has  been  afferted  that  blind  men 
have  been  enabled  to  diftinguifli  colour  by  the 
feel.  Surely  it  could  not  be  imagined  that  the 
cutaneous  papillae  were  fufceptible  of  influence 
from  light.  That  there  are  perfons  who  can  dif- 
tinguifh  colours  by  the  touch  I  not  only  believe, 
but  one  inftance  I  am  well  informed  of;  this  was 
only  in  dyed  fubflances,  where  there  is  an  evi- 
dent difference  to  the  touch ;  let  any  perfon  feel 
a  white  filk  gown,  and  a  black  filk  one  after,  with 
his  eyes  mift,  and  he  will  perceive  a  confiderable 
difference,  from  the  alteration  of  the  one  having 
undergone  in  dying.  Surely  we  would  not  cre- 
dit that  the  rays  divided  by  a  prifm,  and  thrown 

*  Sir  Jofhua  Reynolds  has  very  elegantly  defcribed  that  con- 
fonance  which  fubfifts  between  the  fenfations  of  feeing  and  hear- 
ing. "  The  diftinct  blue,  red,  and  yellow  colours  which  are 
t(  feen  in  the  draperies  of  the  Roman  and  Florentine  paintings, 
<r  though  they  have  not  that  kind  of  harmony  which  is  produced 
"  by  a  variety  of  broken  and  tranfparent  colours,  have  that  ef- 
4f  feci  of  grandeur  which  was  intended.  Perhaps  thefe  diftincl 
"  colours  ftrike  the  mind  more  forcibly,  from  there  not  being 
(S  any  great  union  between  them,  as  martial  mufic,  which  is 
•  intended  to  rouze  the  noble  paffions,  has  its  effect  from  the 
F  fudden  and  ftrongly- marked  tranfitions  from  one  note  to  ano- 
*£  ther,  which  that  ftyle  of  mufic  requires  j  whilft  that  which" 
"  is  intended  to  move  the  fofter  paffions,  the  notes  impercepti- 
"  bly  melt  into  one  another." 

Q  fucceflively 
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fucceflively  on  a  man's  hand,  that  he  would  be 
able  to  difcriminate  the  different  colours. 

A  blind  man  can  have  no  idea  of  colours,  nor 
a  deaf  man  of  found:  a  man  born  blind  experi- 
ences not  the  deficiency  of  intellect  as  the  one 
born  deaf  does.    In  the  former  we  know  the 
mind  has  been  capable  of  the  greateft  exertion. 
All  mud  have  heard  of  Saunderfon,  the  late  Geo- 
metrical Profeflbr  at  Cambridge,  and  thofe  pro- 
digies of  learning  who  now  exift,  a  Moyfe  and  a 
Goff.     With  the  deaf  man  all  converfe  is  de- 
flroyed ;  not  having  heard  founds,  he  could  not 
imitate  them;  he  would  never  be  able  to  exercife 
the  powers  of  fpeech,  and  the  acquirement  of  a 
few  ideas  would  engage  a  length  of  time.  When 
thefe  ienfes  are  enjoyed  till  the  meridian  of  life, 
then  the  deprivation  of  fight  feems  a  greater  in- 
convenience,  although   there   is   apparently  a 
greater  depreffion  of  fpirits  in  the  deaf  man,  an  ring 
from  feeing  all  in  fuch  actions  he  cannot  enter 
into;  this,  comparatively  fpeaking,  is  a  momen- 
tary inconvenience;  when  retired  within  himfelf, 
when  man  becomes  a  man,  all  the  fenfes  he  needs 
he  has.    He  who  is  deprived  of  fight  is,  as  it 
were,  confined  within  the  tomb  of  his  own  body; 
deprived  of  that  extenfive  range  he  formerly  en- 
joyed, his  foul  feems  fettered  and  chained,  no 
longer  able  to  wing  his  flight,  "  to  foar  with  Plato 
"  to  the  empyreal  fphere,"  his  optic  avenues  be- 
2  ing 
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xng  for  ever  clofed,  his  better  part  is  thus  for 
ever  imprifoned*. 

The  argument^  I  have  prefumed  to  advance  to 
explain  the  fenfe  of  feeling,  I  fhould  fupppfe  are 
equally  applicable  to  the  fenfe  of  tafting  and 
fmelling;  I  am  not  pretending  to  any  phyfiologU 
cal  inveftigation  of  the  fenfes;  I  am  making  only 
fuch  enquiries  as  to  endeavour  to  prove  that  our 
fenfes  are  faithful  in  the  part  they  are  to  perform, 
are  as  extenfive  in  their  powers  as  our  exiftence 
requires,  and  are  more  conducive  to  our  happi- 
nefs  than  any  other  form  we  could  fqggeft. 

By  thus  examining  each  fenfe;  we  find  their 
fen fations  are  diftincl,  and  our  ideas  formed  by 
their  comparifons  muft  neceffarily  be  fo;  if  a  man 
is  blind,  he  can  have  no  idea  of  colourst ;  if  deaf, 
no  notion  of  found;  if  devoid  of  fmelling,  ig- 

*  — i  — ;  why  was  the  fight 

,  To  fuch  a  tender  ball  as  th'  eye  eonfin'c(.> 
So  obvious  and  fo  eafy  to  be  quench'd  ? 
And  not,  as  feeling,  through  all  parts  diffus'd, 
That  me  might  look  at  will  through  ev'ry  pore; 
Then  had  I  not  been  thus  exil'd  from  light, 
As  in  the  land  of  darknefs  yet  in  light, 
'to  live  a  life  half  dead,  a  living  death, 
And  bury'd  j  but  O  yet  more  miferable  ! 
Myfelf,  my  fepulchre,  a  moving  grave. 

Sam/on  Agonijies. 

^  We  are  told  of  a  blind  man,  from  the  defcription  he  had 
received  of  the  colour  of  fcarlet,  faid  it  muft  refemhle  the  found 
of  a  trumpet. 

Q  2  norant 
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norant  of  odorous  fubftances*;  thus,  if  deftitute 
of  all  his  fenfes,  he  would  be  like  the  nobleman 
of  Laufanne  t,  in  a  (late  of  perfect  deliquium. 

When  the  nervous  fibrils  are  impreffed  by  ex- 
ternal caufes,  how  is  fuch  an  impreffion  commu- 
nicated to  the  mind  ?  Here  indeed  we  are  in- 
volved in  impenetrable  darknefs,  in  a  perfect  ftate 
of  obfcuration ;  the  variety  of  conjectures  ftill 
farther  thicken  the  cloud  which  thus  envelopes  our 
"mind.  We  fee  that  animated  matter  poffeffes  pow- 
ers different  from  inanimate:  we  fee  that  it  poffeffes 
powers  of  growing  from  within,  while  common 
matter  only  increafes  by  the  cafual  aggregation  of 

*  Mbnf.  Prevoft,  of  Geneva,  has  endeavoured  to  render  the 
emanations  of  odorant  fubftances  perceptible  to  the  light  ;  when 
a  fragment  of  camphor  is  placed  on  water,  it  is  immediately 
moved  by  a  fwift  rotatory  motion.  Romieu  had  previoufly 
made  this  obfervation,  and  attributed  it  to  the  difengage- 
ment  of  electricity:  thefe  odorant  fubflances  evaporate  30 
or  40  times  more  quick  in  water  than  in  the  open  air.  May  not 
the  volatile  effluvia  being  fo  quickly  evolved,  by  meeting  with 
fome  refiftance  from  the  furrounding  medium,  produce  this  ro- 
tatory motion  ? 

+  Monf.  Croaz  mentions  this  cafe  in  the  Academy  of  Science : 
a  nobleman  of  Laufanne,  in  giving  orders  to  a  fervant,  fud- 
denly  loft  his  fpeech  and  all  his  fenfes ;  he  remained  in  this 
fenfelefs  ftate  fix  months,  and  when  he  recovered  he  afked  his 
fervant  if  he  had  executed  his  commiffion,  not  being  fenfible 
that  any  interval  of  time  had  elapfed  during  his  illnefs.  Van 
Swieten  relates  the  fame  in  his  Commentaries  on  Boerhaave's 
Aphorifms;  and  Mrs.  Bellamy,  in  her  Memoirs,  mentions  a 
fimilar  cafe  of  a  lady  remaining  for  a  week  in  a  ftate  of  this 


kind. 
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particles  exteriorly.    What  this  difference  is  we 
know  not ;  nor,  upon  the  leaft  reflection,  eould 
fuch  a  knowledge  be  fuppofed  poffible.    To  com- 
prehend any  principle,  requires  firft  a  fuperiority; 
if  this  be  granted,  how  can  one  principle  com- 
prehend itfelf  ?  A  piece  of  iron  may  as  well  per- 
ceive its  own  arrangement,  as  the  foul  the  nature 
of  its  own  conftitution;  fuch  appears  to  me  an 
incontrovertible  argument  of  the  existence  of 
both  :  thus  if  I  prefume  to  fay  I  comprehend  the 
fluxions  of  Newton,  and  the  refidual  analysis  of 
a  Landen,  may  I  not  venture  to  conclude  that 
fuch  a  comprehension  implies  a  fuperiority  of  the 
ipind  to  fuch  purfuits?  and  fuch  a  comprehenfion 
must  neceffarily  demonstrate  a  principle  under- 
ftanding,  and  a  principle  underftood. 

The  ancients  *,  very  fenfible  of  the  difficulty 
of  explaining  the  aQion  of  matter  on  fpirit,  fan- 
cied there  muft  be  fomething  of  a  fubtile  nature, 
forming  a  line  of  distinction ;  they  fuppofed  the 
nervous  fibres  are  fine  tubes,  replete  with  an 
aetherial  vapour;  the  rov  irvtvpuT©*  of  Hippocrates; 
this  they  called  animal  fpirits;  while  fome  have 
fuppofed  them  of  an  explosive  nature t,  others 

*  From  many  parts  of  Cicero,  it  has  been  fuppofed  he  ima- 
gined the  foul  material,  yet,  after  many  fuppofitions,  he  con- 
feffes  his  ignorance.  "  Anima  lit  animus,  ignifve,  nefcio; 
"  nec  me  pudet  ut  iftos,  fateri  nefcive  quod  nefciam.  Illud, 
"  fi  ulla  alia  de  re  obfcura  affirmare  poflum,  five  anima,  five 
7  ignis  fit  animus,  eum  jurarem  effe  divinum."  Tufc. 

\  Dr.  Willis. 

have 
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have  fancied  them  of  a  faponaceous  confidence 
no  fuch  tubular  appearance  could  ever  be  difco- 
vered.  Dr.  Briggs  conjectured  that  the  nerves 
were  folid  filaments,  of  prodigious  tenuity,  and 
when  acted  on,  vibrating  in  the  ratio  of  their 
lengths  and  tenfions.  Newton,  prepoflefTed  with 
an  idea  of  aether,  fuppofed  that  this  pervades  all 
bodies,  and  that  the  vibration  of  this1  medium 
may  be  propagated  along  the  folid,  pellucid,  and 
uniform  capillaments  of  the  nerve.  Upon  this 
conjecture  Dr.  Hartley  has  endeavoured  to  de- 
duce a  very  ample  fyftem,  concerning  the  facul- 
ties of  the  mind,  from  the  doctrine  of  vibration, 
joined  with  that  of  affociation.  By  vibrations 
Dr.  Hartley  does  not  mean  a  pendulous-like  mo- 
tion of  the  whole  chord,  only  an  ofcillatory  mo- 
tion of  the  fmall  f ,  infinitefimal  medullary  parti- 
cles, fimilar  to  the  action  and  re-action  of  the 
aerial  particles  in  the  cafe  of  found.  When  an 
impreffion  is  made,  vibrations  in  the  aether  re- 
fiding  in  the  pores  are  excited;  thus  the  impulfe 
affects  both  the  nerves  and  the  aether,  fo  that  thefe 
mutual  actions  imprefs  and  increafe  the  denfity 
of  the  aether,  which  will  agitate  the  nervous  par- 
ticles with  fynchronous  vibrations;  hence  this 

*  Dr.  Monro. 

+  The  particles  which  vibrate  are  of  the  inferior,  and  not 
the  biggeft  particles  on  which  the  operations  of  chemiftry  and 
the  colours  of  natural  bodies  depend.         Prop.  IV.  vol.  1. 

aether 
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sether  is  to  be  regarded  as  regulating  and  fupport- 
ing  the  vibrations  of  the  particles,  nofas  exciting 
tLem  originally. 

Thefe  vibrations,  he  fays,  are  communicated 
to  the  brain  like  the  ele&ric  effluvia  along  hempen 
firings. 

However  homogeneous  and  pellucid  the  ner- 
vous particles  or  infinitefimals  may  be,  they  can 
never  tranfmit  an  uniform  equalized  motion  ;  for 
tremors  will  decreafe  from  diffufion  in  the  ratio 
of  their  receffion  from  the  centre  of  a&ion.  Why 
Dr.  Hartley  mould  thus  have  made  ufe  of  an 
aetherial  principle  that  he  himfelf  confeffes  he  un- 
derftood  not,  I  cannot  comprehend ;  although 
he  has  no  direcl:  evidence  of  its  reality,  yet  he 
fancies  he  has  the  fupport  of  indirect  evidence ; 
and  comparing  it  to  the  fcience  of  algebra,  that 
we  may  arrive  at  a  true  conclufion  from  a  falfe  po- 
fition.  Dr.  Hartley  ought  to  have  been  aware,  that 
in  an  algebraical  analyfiswe  mufthave  fome  data; 
in  vain  could  we  proceed  with  precifion  and  cer- 
tainty, if  what  are  given  to  us  are  merely  hypo- 
thefes  ;  in  vain  could  we  exprefs  the  nature  of  a 
curve,  unlefs  we  knew  the  relation  between  an 
abfcifs  and  its  correfpondent  ordinate,  whether, 
with  Des  Cartes*,  we  confider  the  geometrical 
mode,  or,  with  Newton,  the  differential  method. 

*  Des  Cartes  was  the  firft  who  geometrically  fhewed  how  to. 
find  the  equation  of  a  curve. 

So 


So  alfo  the  fuppofition  of  a  nervous  mefTengef 
being  any  thing  of  an  ele6lrical  nature  is  equally 
objectionable;  the  obfervations  of  a  Galvani  or 
a  ValU  do  not  tend  in  the  leaft  to  elucidate  the 
fubjecL  Where  are  fuch  aclions  ultimately  to 
terminate*?  To  imprefs  the  mind  they  cannot; 

impreffion 

*  Can  we  refill  a  fmile,  when  we  perufe  the  fentiroents  of 
different  phyfiologifts  refpecting  the  feat  of  the  foul.  Hippo- 
crates fuppofed  it  was  in  the  left  ventricle  of  the  heart. 
yxp  r,  T8  MZppfafa  Ksfivr.sv  av  Xatiy  jebiXSj,  Such  was 
alfo  Aridotle's  opinion,  (v.  Ariftot.  de  Juventutc  et  Senectute, 
c.  3.).  Mr.  Hobbs,  although  he  refoived  fenfe  into  re-action  of 
matter,  yet  he  here  thought  was  the  centre  of  action,  (v.  Elem. 
Phil.  c.  25.  art.  5.).  Galen  finding  the  ftomach  a  faithful  por- 
ter, to  watch  that  nothing  fhould  enter  the  conftitution  which 
could  any  ways  injure  it,  here  fancied  the  foul  was  fituated  \ 
the  fame  idea  was  afterwards  entertained  by  the  celebrated  Van 
Helmont,  in  his  Elfay  on  the  Seat  of  the  Soul.  Des  Cartes, 
thinking  the  foul  mould  be  feated  in  a  central  point,  and  ob- 
ferving  the  pineal  gland  was  the  only  fuch  exifting  in  the  brain, 
was  determined  by  this  to  make  it  the  foul's  habitation  3  here  he 
fuppofed  intelligence  is  brought  of  all  objects  which  affect  the 
fenfcs. 

Eartholine,  and  Wharton  the  learned  'author  of  Adenogra- 
phia,  have  feriouily  attempted  to  deprive  the  pineal  gland,  this 
conarion  of  Des  Cartes,  of  this  honour  :  they  have  obferved 
that  it  is  too  little  to  rcprefent  all  the  images;  that  the  external 
nerves  do  not  here  all  unite,  therefore  could  not  receive  the  im- 
preffion of  fenfible  objects  $  and  laftly,  that  it  was  fometimes 
ftony,  and  fituated  in  a  place  of  excrements,  and  confequently 
Jo'tl  the.  fpecies  of  things,  and  dirty  our  ideas )  hence  they  re- 
moved the  foul  to  the  fpinal  marrow.  % 

Henricus  Regius,  the  pupil  of  Des  Cartes,  maintained  that 

there 
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impreffion  implies  refiftance,  and  refiftance  mat- 
ter. Is  is  not  more  reafonable  to  fuppofe  that 
the  mind  is  not  confined  to  any  particular  part  of 
the  body,  but  difFufed  through  every  fibre  ? 

Spiritus  intus  alit,  totam  que  infufa  per  artus 
Mens  agitat  molem  et  magno  fe  corpore  mifcet* 

Hence  we  mall  be  relieved  of  the  difficulty  of 
fuppofing  any  communicating  medium;  the  part 
immediately  imprefTed  is  itfelf  alive,  and  the  por- 
tion of  vitality  entering  into  the  organization  of 
the  body  is  proportionably  influenced  as  the  body 
is  imprefTed. 

Some  phyfiologifts  have  fuppofed  that  external 
objecls  may  immediately  influence  the  mind,  with- 
out previoufly  exciting  any  aclion  on  the  groffer 
part  of  our  frame.  To  fuch  a  fuppofition  there 
are  many  objections;  as  in  ocular  fpectra,  where 

there  were  in  fome  unknown  part  of  the  body  a  perfectly  folid 
and  fmall  particle  of  matter,  incorruptible  from  its  hardnefs, 
on  which  the  foul  was  perched,  (v.  Philof.  Natural.  I.  4.  c.  16.); 
fome  have  fuppofed  the  membranes  enveloping  the  brain, 
others  the  Septum  Lucidum,  and  Dr.  More  the  fourth  ventricle : 
more  modern  phyfiologifts  have  not  confined  the  foul  to  any- 
particular  part  of  the  brain,  but  have  fuppofed  it  may  be 
difFufed  through  a  larger  portion  5  thus  Newton  calls  it  the  fen- 
forium,  which  opinion  Locke  feems  to  fupport :  from  the  great 
fenfibility  of  the  diaphragm,  BufFon  conjectures  its  refidence 
may  be  here ;  and  Dr.  Hartley  fuppofes  there  may  be  an  infini- 
tefimal  elementary  body  intermediate  between  the  foul  andgrofs 
body,  but  that  the  white  medullary  part  of  the  brain  is  the 
I  feat  of  the  fpul.  ScboL  to  prop.  5  .  lib.  1. 

R  there 
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there  are  aftion  and  re-a£tion  of  the  nervous  fi- 
brillar, to  fuppofe  fuch  of  the  mind  is  rendering 
it  material.  Lord  Kaimes  fancies  the  mind,  when 
excited,  acts  out  of  the  body. 

It  feems  more  eafy  to  fuppofe  that  each  organ 
of  fenfe  poffeffes  a  percipient  power*;  that  mat- 
ter, when  fo  arranged  as  to  be  in  a  ftate  of  orga- 
nization, a  iiate  into  which  it  has  been  brought 
by  the  powers  of  life,  may  poffefs  that  medium 
of  communication,  as  more  likely  to  tranfmit  the 

*  The  learned  Bimop  Butler,  in  his  Analog)'  of  a  Future 
Life,  fays,  that  the  matter  of  our  bodies  is  as  extraneous  ta 
ourfelves  as  any  external  matter  whatever  y  that  conusant  flux, 
continually  deftroying  the  identity  of  the  corporeal  part,  {hews 
how  it  may  be  alienated,  and,  in  a  daily  courfe  of  fucceflion, 
changing  its  owners,  whilft  the  living  agent  remains  one  and 
the  fame  permanent  body. 

During  my  idle  hours  laft  year  I  arranged  fome  thoughts  on 
the  circulation  of  vitality,  I  have  endeavoured  to  prove  that  ani- 
mated beings  could  not  exift  without  the  aid  of  matter  poffemng 
life  5  with  every  portion  of  matter  we  added  to  our  lytfem,  a 
portion  of  vitality  was  added  alfoj  that  when  the  matter  was 
removed,  the  vitality  remained,  and  the  accumulated  portions 
might  in  fome  refpe&s  account  for  the  increafe  of  living  powers. 
Such  a  fuppofition  neceflarily  renders  the  mind  divifible  ;  but 
divifibility  is  not  of  itfelf  fufficient  to  conftitute  matter;  it  is 
eafy  to  conceive  fpace  itfelf  divifible  ;  nor  does  fuch  a  fuppofi- 
tion in  the  leaft  militate  againft  the  immortality  of  the  foul. 

Mind,  foul,  principle  of  life,  or  by  whatever  name  may  be 
termed  that  part  of  animated  beings  which  is  not  material,  I 
mean  one  and  the  fame,  in  this  I  alfo  include  the  irritability  of 
a  Glifjon,  the  vis  infita  of  a  Halhr,  and  the  excitability  of  a 
Brown, 

%  effea 
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effect  of  any  impulfe,  than  that  external  objects 
(hould  immediately  imprefs  the  mind. 

To  the  fceptic,  other  proofs  may  be  requifite; 
ftill  he  will  fay  there  is  a  probability  of  the 
fenfes'  deceptions :  let  us  endeavour  to  diminifh 
fuch  probability  by  mathematical  reafoning  :  fup- 
pofing  he  is  in  fuch  a  ftate  of  doubt,  that  the 
evidences  for  and  againft  the  veracity  of  his 
fenfes  are  equal;  fuppofing  an  orange  is  pre- 
fented  to  me,  I  fee  it,  I  tafte  it,  I  feel  it,  I 
fmell  it,  and,  when  prefled,  I  hear  the  effect. 
Here  then  is  a  body  that  to  each  fenfe  has  the 
probability  of  exiftenee;  as  the  probabilities  are 
equally  againft  them,  |  will  exprefs  the  evidence 
in  its  favour  with  refpect  to  fight;  fo  of  hearing, 
and  the  other  fenfes:  this  is  the  ftate  of  proba- 
bility when  independant  of  each  other;  when 
they  all  concur  in  the  fupport  of  each  other, 
then  -1  x  |  x  \  X  \  x  \  =  TXT;  that  is,  the 
probability  of  our  fenfes  being  correct,  is  as 
32  :  1. 

I,  however,  mult  confefs  that  I  do  not  much 
approve  of  the  application  of  meafure  and  cal- 
culation to  things  which  do  not  admit  of  it;  al- 
though, in  this  refpect,  I  have  the  countenance 
of  many  celebrated  writers,  it  appears  to  me 
like  attempting  to  meafure  human  affeclions  and 
the  moral  worth  of  actions  by  direct  and  inverfe 
ratios;  or  "  as  an  eminent  mathematician  at- 
!'  tempted  to  afcertain  by  calculation  the  ratio 
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*f  in  which  the  evidence  of  fafts  mull  decreafe  in 
%e  the  courfe  of  time,  and  fixed  the  period  when 
ft  the  evidence  of  the  fa&s  on  which  Chriftia- 
u  nity  is  founded  fhall  become  evanefcent,  and 
*c  when,  in  confequence,  no  faith  fhall  be  found 
!c  on  the  earth/  ■ 


PROPERTIES 


PROPERTIES  OF  MATTER 


THE  opinions  of  the  mod  ancient  philofophers 
refpe&ing  the  variety  of  matter,  were,  that  it 
originated  from  certain  formed  particles.  The 
^Egyptians,  from  whom  Pythagoras  feems  to  have 
derived  his  knowledge,  obferved  that  there  were 
only  five  regular  folid  figures,  terminated  by  plane 
furfaces,  which  are  all  fimilar  and  equal;  viz. 
the  tetrahedron,  the  cube,  the  octahedron,  the 
dodecahedron,  and  eicofihedron.  It  was  fup- 
pofed  that  all  elementary  bodies  muft  have  one  or 
pther  of  thefe  regular  figures.  This  fyftem  ap- 
pears to  have  been  adopted  by  fucceflive  mathe- 
maticians, till  the  Ariftotelian  philofophy  had 
fully  eftablifhed  itfelf.    The  Homasomeria*  of 

Anoxagoras, 

*  Homaeomeria  amounts  to  the  faying,  that  each  totality  in 
nature  is  compofed  of  parts  which,  before  their  union,  were  al- 
ready of  the  fame  nature  as  the  whole  5  thus  a  bone  is  a  compo- 
sition of  fmall  bones  j  a  man  an  arrangement  of  little  men  j  and 
a  tyger  an  accumulated  mafs  of  cats. 

Nunc 
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Anoxagoras,  the  water -making  principle  of 
Thales*,  or  the  fortuitous  concourfe  of  atoms 
of  Epicurus  t,  although  they  have  had  fome  par- 
tizans,  yet  have  not  been  fo  generally  fupported. 
Pythagoras,  Eudoxus,  and  Leon,  have  geome- 
trically demonftrated  the  properties  of  thefe  bo- 
dies; their  elements  Euclid  collected,  and  which 

conftitute 

Nunc  et  Anaxagorae  fe&emur  Homaeomeriam, 

Quam  Graeci  memorant,  nec  noftra  dicere  lingua 

Concedit  nobis  patrii  fermonis  egeftas : 

Sed  tamen  ipfam  rem  facile  eft  exponere  verbis, 

Principium  rerum,  quam  dicit  Homaeomeriam, 

OfTa  videlicet  ex  pauxiilis  atque  minutis 

Officii. 

*  Thales  imagined  water  was  the  principle  out  of  which 
every  thing  was  formed  5  this  he  fuppofed  from  the  apparent 
change  of  bodies,  deftroyed  by  fire,  being  converted  into  va- 
pour, and  this  ultimately  refolved  into  water.  This  fuppofition 
was  afterwards  entertained  by  the  celebrated  ehemift,  Van  Hel- 
tnont,  not  only  from  the  univerfality  of  its  exiftence,  but  alfo 
from  obferving  a  fmall  willow,  of  five  pounds  weight,  ac- 
quiring an  increafe  of  1591b.  in  five  years  by  the  lofs  of  water 
only. 

f  The  Epicureans  imagined  the  primary  particles  were  of 
different  forms,  as  crooked,  fquare,  oblong,  and,  indeed,  of 
every  fhape;  thefe,  all  in  motion,  and  ftriving  to  come  forwards, 
all  defcending  and  traverfing  the  vacuum,  fortuitoully  uniting, 
fome  formed  a  heaven,  fome  a  fun,  others  an  earth,  planets, 
and  man.  They  tell  us  that  the  eye:s  of  man  were  not  made 
with  any  defign  of  feeing,  but  that  he  afterwards  thought  of 
feeing  becaufe  he  had  eyes,  and  thus  with  the  other  parts  of  the 
body. 

Lumina 
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conftitute  his  fix  firft  books,  as  introdu&ory  to 
the  eleventh  and  twelfth,  and  which  are  peculi- 
arly appropriated  to  the  inveftigation  of  thefe  re- 
gular  folids.  Thefe  fyftems  were  all  of  a  mo- 
mentary duration,  compared  to  the  fyftem  of 
Ariftotle;  with  his  four  material  elements,  and 
occaflonally  a  fifth,  a  celeftial  quinteffence  of 
which  he  made  a  heaven  or  a  fpirit,  he  eafily 
formed  an  univerfe;  out  of  his  {tores  of  primitive 
matter  his  ten  categories  :  he  had  fubft  antial  forms 
and  occult  qualities  at  will,  to  explain  any  phe- 
nomena; thus,  by  giving  learned  names  to  un- 
known caufes,  he  involved  the  whole  in  a  ftill 
greater  obfcurity.  Enquire  of  Ariftotle  what 
matter  is,  he  tells  you,  <c  That  it  is  -what  is  neither 
"  which,  nor  how  great,  nor  what,  nor  any  thing 
4<  of  what  being  is  determined  by/9  (v.  Phyfic.  1.  i. 
c.  ult.):  in  another  place  he  fays,  "  Matter  is  the 
u  firfi  fubjebl  °f  every  thing,  which  always  fubjijling 

Lumina  ne  facias  oculorum  clara  creata, 

Profpicere  ut  poffimus :  et  ut  proferre  vidi. 

Proceros  paffus,  ideo  faftigia  poffe. 

Surarum  ac  faeminum  pedibus  fundata  plicari : 

Brachia  turn  poro  validis  ex  apta  lacertis 

Efle,  manufque  datas  utraque  &  parte  miniftras, 

Ut  facere  ad  vitam  poffimus,  quae  foret  ufus. 

Lucretius. 

This  fyftem,  a  little  more  refined,  has  been  adopted  by  the 
I  Archdeacon  of  Digne,  the  celebrated  Gaffendus.  Epicurus 
S  fancied  motion  would  effect  every  thing,  while  GafTendus  re- 
quires a  fpecial  providence, 

"  therein, 


(    "8  ) 

t%  therein,  makes  it  a  being  by  it/elf,  not  by  accident." 
Plutarch  tells  us,  that  when  Ariftotle  publifhed 
his  book  of  Acroamaticks,  or  Select  Knowledge, 
that  his  illuftrious  pupil,  Alexander,  was  offended 
that  he  thus  difclofed  his  philofophical  fentiments 
to  inftruft  others  as  he  had  inftru&ed  Alexander; 
he  anfwered,  they  were  written  in  fuch  a  ftyle  as 
not  to  be  comprehended  by  every  capacity :  in- 
deed it  is  too  true.  Who  can  underftand  the 
jargon  of  the  above  definitions?  yet  for  more 
than  a  thoufand  years  has  this  fyftem  reigned  :  fo 
bigotted  to  it  were  the  Ariftotelian  difciples,  that 
Bullialdus  tells  us  a  pleafant  inftance  of  a  Floren- 
tine phyfician  who  could  not  be  prevailed  upon 
to  look  through  a  telefcope,  left  he  mould  fee 
fomething  contrary  to  the  dofclrines  he  imbibed. 
Ariftotle  rejefted  the  more  fimple  do&rine  of  the 
indeftru&ibility  of  matter,  which  was  the  prevail- 
ing opinion,  but  endeavoured  to  eftablifh  a  fyftem 
of  generation  and  corruption  ;  with  his  matter, 
form,  and  privation,  he  more  eafily  fuppofed  a 
new  creation  than  a  different  arrangement  *. 

I  prefume 

*  Although  it  may  be  prefumed  thus  to  criticife  the  Natural 
Philofophy  of  Ariftotle,  in  a  collective  view  he  muft  be  admired 
as  a  furprifing  genius  j  although,  with  Averrhoes,  we  may  not 
fuppofe  him  the  Limit  of  Human  Nature,  his  Eflay  on  Logic, 
his  Philofophical  Obfervations,  and  Natural  Hiftory,  certainly 
merit  our  greater!:  attention.  When  we  reflect  on  Ariftotle,  we 
Ihould  carry  our  mind  to  the  period  when  he  lived  5  we  fhould 

think 
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I  prefume  not,  in  this  little  Effay,  to  examine 
the  fyftem  of  thofe  atomifts  who  refolved  all 
things  into  the  motions  and  modifications  of  mat- 
ter ;  or  the  harmony*  of  Pythagoras;  or  the  doc- 
think  of  the  little  that  was  then  known,  from  the  difficulty  of 
acquiring  it.  Although,  with  Laertius,  we  cannot  conceive 
that  he  had  written  4000  books,  yet  probably  more  than  the  20 
that  are  tranfmitted  to  us,  as  Pliny  fays  he  wrote  50  volumes  on 
animals  only;  and  Strabo  tells  us  that  Ariftotle  left  his  works 
to  Theophrafhis ;  that  they  were  buried  for  a  length  of  time 
under  ground,  and  at  laft  were  fold  to  one  Apellicon,  of  Athens. 
Scylla,  on  his  conquer!  of  this  place,  brought  the  works  to 
Rome,  and  they  were  given  to  one  Andronicus,  of  Rhodes,  to 
revife :  to  fourteen  of  thefe  books,  which  had  no  general  title, 
Andronicus  prefixed  the  words  Ta  Meta,  Ta  phyfica,  that  is, 
the  booh  pqfterior  to  the  phyfics,  meaning  that  they  mould  be  ftu- 
died  next  after  the  phyiics  3  this  is  faid  to  be  the  origin  of  the 
word  mctaphyjic. 

With  refpect  to  the  elements  of  Ariftotle,  fuch  had  been  fe~ 
parately  fuppofed  the  principle  of  all  things.  Thales,  as  has 
already  been  obferved,  fuppofed  water  ;  and  his  fucceffors  of  the 
Ionic  fchool  each  endeavoured  to  overthrow  what  his  predeceflbr 
frad  advanced ;  fa  fome  chofe  air,  a  third  fire,  a  fourth  preferred 
earth,  &c. 

*  In  genera],  that  any  mulical  chord  may  become  in  unifon 
to  a  leffer  chord  of  the  fame  kind,  its  tenfion  muft  be  increafed 
in  the  fame  proportion  as  the  fquare  of  its  length  is  greater; 
if,  therefore,  muncal  chords  extended  from  the  fun  to  each  pla- 
net, that  all  thefe  chords  might  become  unifon,  it  would  be  re- 
quifite  to  increafe  or  diminifh  their  tenfioris  in  the  fame  propor- 
tions as  would  be  fufficient  to  render  the  weight  of  the  planets 
equal ;  from  this  fimilitude  of  proportions  the  doctrine  of  the 
harmony  of  the  fpheres  is  derived. 

PUn,  L  ii.  c  22,  Macrob.  in  /omnium. 

S  trine 
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trine  of  Plato*:  neither  do  I  mean  to  make  any 
enquiry  into  the  variety  of  fyltems  which  only  for 
a  (hort  time  have  prevailed  between  the  Arifto- 
telian  and  Carteflan  period.  Till  the  fyftem  of 
Des  Cartes  arofe,  the  principles  of  Ariftotle  were 
inculcated  in  every  fchooL  Des  Cartes  fhewed 
how  inadequate  to  the  explanation  of  any  phae- 
nomena  were  the  fubflantial  forms  and  occult 
qualities  of  this  philofopher  of  Stagira;  he  re- 
jected them  all.  ExtenJiony  figure,  and  motion3 
were  deemed  by  him  fufficient  to  refolve  the  va- 
riety of  appearances  in  the  material  world.  a  Om~ 
<s  nem  materice  variationem,  five  omnem  ejus  for- 
<c  marum  diverfitatem  fendere  d  molu^  —  Prim, 
Philof,  So  fimple  a  fyftem,  fo  reverfe  to  the 
abftrufe  doctrines  of  the  Ariftotelian  fchool,  was 
foon  almoft  generally  adopted  :  the  intricate  la- 
byrinth to  philofophy  being  removed,  the  path 
became  ftraight  and  eafy  ;  philofophy,  thus  difen- 
cumbered  of  thorns  and  briars,  became  fo  in- 
viting in  her  native  attire,  as  to  be  embraced  by 
royal  females. 

Newton,  and  other  philofophers,  have  fuppofed 
that  Des  Cartes  has  gone  into  the  oppofite  ex- 

*  Plato  ftrove  to  raife  the  thoughts  of  men  above  the  objects 
of  fenfe,  and  zealoufly  maintained  the  pre-eminence  of  active 
incorporeal  and  intellectual  beings;  in  his  Timceus  he  takes 
notice  of  the  infenfible  particles  of  matter  which  can  only  be 
conceived  by  the  mind  and  understanding,  afcribing  different 
figures  to  them,  according  to  the  atomical  fyftem. 

2  treme ; 
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treme;  they  have  thought  that  there  are  fuch 
powers  as  gravitation,  attraction,  and  repuljion, 
which  cannot  be  explained  on  material  principles. 
They  fay  that  there  is  a  Conatus  accedendi  3  rece- 
dendi  in  aggregate  bodies,  inexplicable  by  any 
known  properties  of  matter,  hence  fuppofed  to 
arife  from  fome  inherent  active  power. 

We  are  alfo  told  by  fome  philofophers,  that 
there  are  inherent  in  bodies  certain  powers,  which 
are  brought  into  action  when  the  bodies  are 
thrown  into  motion,  a  power  Wolfius  calls  vis 
viva. 

The  author  of  the  EfTay  on  the  Powers  and 
Mechanifm  of  Nature,  fays,  that  when  a  body  is 
put  into  motion,  a  quantity  of  acceJJ'ary  aBive  fub- 
Jlance  is  received  from  the  agent  which  gave  it 
motion;  this  being  received,  it  parts  with  it  again; 
it  moves  by  the  prefence  of  this  fubftance,  and 
when  the  body  is  (lopped,  the  active  power  paffes 
on,  and  enters  the  obftacle. 

Ancient  and  modern  philofophers  have  fup- 
pofed that  there  arefubtle  media,  ceiherial  princi- 
ples, imperceptible  atmofpheres,  hovering  round 
every  particle  of  matter ;  that  thefe  exift  in  every 
body  exercifing  the  powers  of  attratlion  and  re- 
puljion;  as  it  were,  an  enlivening  agent  diffufed 
throughout,  an  impulfive  action  that  continually 
impels.  Other  philofophers  have  extended  their 
ideas  farther;  they  have  adopted  the  fentiments 
of  the  ancient  Stoics,  and  of  Spinoza;  they  hav$ 

S  2  s  fuppofed 
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fuppofed  that  there  is  a  fpirit  of  life,  a  fpark  of 
divinity  diffufed  through  the  whole  material  fyf- 
tem ;  that  all  the  parts  of  the  univerfe  are  vital 
links,  which,  united  in  one  chain,  conftitute 
Deity  *  itfelf. 

Thefe  principles  Dr.  Clayton  refolved  into  an 
animation  of  matter ;  he  fuppofed  that  there  are 
certain  fouls  and  fpirits  refident  in  all  natural  bo- 
dies, and  commiffioned  to  act  in  the  feveral  de- 
partments of  nature. 

While,  on  the  contrary,  Dr.  Prieftley  has  fup- 
pofed that  all  the  actions  of  intellectual  beings 
may  be  explained  by  the  powers  of  the  minute 
particles  of  matter,  without  the  aid  of  a  fpi ritual 
eflence.  u  A  body,"  he  fays,  "  exifts  by  its 
"  powers  of  attraction;  overcome  thefe  powers, 
"  and  you  overcome  its  penetrability,  and  with- 
**  out  fuch  powers  could  no  longer  exift:  thefe 
*:  powers  give  it  energy,  give  it  activity,  that 
"  atoms,  by  their  exility  alone,  rufh  into  intcl- 

lectf."    By  endowing  matter  with  fimple  fen- 

fation, 

*  Eft  ne  Dei  fedes  nifi  terra  &  acr, 

Et  ccelum  &  virtus  ?  fuperos  quid  quaerimus  ultra  ! 
Jupiter  eft  quodcunq;  vides,  quocunq  ;  moveris. 

Lucan  PharfaTia,  lib.  9. 

\  Thofe  who  fancy  matter  may  come  to  live,  think  and  act 
ipontaneoufty,  by  being  reduced  to  a  certain  magnitude,  would 
do  well  to  difcover  to  us  that  degree  of  finenefs,  that  alteration 
in  the  fttuation  of  parts,  at  which  matter  may  begin  to  think. 

Wollafton. 

Dr. 
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fation,  he  endeavours  to  deftroy  the  immateria- 
lity of  the  foul.  Although  by  Hartley  Dr* 
Prieftley  is  guided,  yet  he  regards  the  infmitefi- 
mal  elementary  body  and  immaterial  foul,  adopted 
by  Hartley,  as  an  incumbrance  upon  his  fyflem ; 
he  fuppofes,  that  in  all  the  bodies  around  us  very 
little  matter  exifts ;  that  each  minute  particle  be- 
ing furrounded  by  thefe  active  powers,  as  to  dif- 
fufe  a  fmall  quantity  of  matter  through  a  large 
fpace,  if  there  had  been  no  fuch  powers,  Dr. 
Prieftley  fuppofed  that  all  the  matter  of  the  uni- 
verfe  might  be  no  more  than  what  would  £11  a 
nut  fhell. 

Let  us  candidly  and  unprejudiced  examine  all 
the  arguments  which  have  been  adduced  in  fup- 
port  of  the  exiftence  of  fuch  powers.    If  there 

Dr.  Cheyne  fays,  that  the  paffivity  of  body  is  in  proportion 
to  the  denfity,  and  leifens  as  its  denfiiy  does  ;  hence,  to  become 
fpirit  it  rauft  firft  lofe  all  paftivenefs,  and  confequently  all  den- 
iity,  and  pafs  through  the  term  not  matter  in  its  progreffion  be- 
fore it  can  arrive  at  felf-activity,  and  then  acquire  the  contrary 
qualities ;  as*  the  feries  '  +  4  +  3  4-  2  -f-  1  -fo  —  1  —  2  — 
3  —  4  :  nothing  but  infinite  power  can  deftroy  its  materiality, 
fo  as  to  render  it  an  active  or  fpiritual  fubftance. 

EJfay  on  Pbilof.  Med. 

Lord  Bacon  has  ingeniouily  conjectured  that  the  fpirit  of  ani- 
mated bodies  is  diffufed  through  the  whole,  without  any  folution 
of  continuity.  The  fpirit  of  inanimate  bodies,  the  parts  of 
each  having  no  degree  of  connection,  the  whole  is  not  in  a  ftate 
of  union,  confequently  the  power  in  a  divided  ftate,  like,  as  he 
fays,  air  is  in  fnow.  V.  Sjha  Syfaarz'.m,  vii  century. 


are 
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are  lefs  difficulties  attending  the  belief  in  fuch 
powers,  we  ought  not  to  hefitate  a  moment  in  our 
adoption.  So,  on  the  contrary,  if  all  the  expe- 
riments which  are  adduced  mould  be  explicable 
on  fimple  mechanical  principles,  we  ought  then 
to  withhold  our  affent  to  powers  which  come  not 
under  the  cognizance  of  our  fenfes.  I  will  ven- 
ture to  fay  with  Bonnet*,  that  were  I  a  materia- 
lift  I  would  not  fcruple  at  an  open  avowal ;  from 
principles  I  perfuade  myfelf  I  am  not :  although 
I  do  not  coincide  with  the  fentiments  of  Prieft- 
ley,  it  is  with  the  utmoft  deference  that  I  prefume 
to  offer  any  opinions  contrary  to  his.  Every 
doctrine  which  is  advanced  mould  be  unreftrained ; 
it  fhouid  be  left  to  rife  or  fall  according  to  its 
own  xnerit.  When  civil  power  interferes,  it  is 
generally  partial;  when  united  with  the  ecclefiafti- 
cal  court,  almoft  always  cruel  t. 

The 

*  Non ;  je  ne  fuis  point  Materialifte',  je  ne  crois  point  a  la. 
inateriatite  de  Tame;  mais  je  veux  bien  qu'on  fache,  que  ft 
j'etois  materialifte,  je  ne  me  ferois  aucune  peine  de  l'avouer. 

Bonnet  Palm? en. 

o 

It  muft  be  confeffed  that  Bonnet  was  partly  a  Materialift  : 
a  l'egard  de  la  force  ou  de  la  puiflance  qui  opere  revolution  des 
parties  preformees,  je  ne  penfe  pas  qu'il  foit  befoin  de  recourir 
a  des  qualites  occultcs.  II  me  femble  que  Ximpulfion  du  coeur  & 
des  vaijfeaux,  eft  une  caufe  phyfique  qui  fufrit  a  tout. 

Paling.  Part  10. 

+  Every  liberal  mind  muft  feel  a  fpirit  of  refentment  when 
he  reflects  on  the  unjuft  treatment  of  Bacon,  Virgilius,  Galilseo, 

and 
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The  arguments  which  have  been  generally  ad- 
vanced, in  order  to  demonftrate  the  exiftence  of 
certain  active  powers,  may  be  reduced  to  the  five 
following : 

f.  The  tendency  of  light  bodies  floating  on 
the  furface  of  water  contained  in  a  veffel  towards 
the  fides  of  the  veffel. 

2.  The  rife  of  fluids  in  capillary  tubes. 

3.  The  force  with  which  two  polifhed  leaden 
fpheres  cohere. 

4.  Reflection  and  inflexion  of  light. 

5.  Expansion  of  bodies  by  heat,  and  contrac- 
tion by  cold. 

and  Vanini;  would  he  not  exclaim,  I  am  for  no  Pontife* 
Maximus,  as  in  Rome  j  nor  high  prielt,  as  in  Judaea ;  no  Pa- 
triarch of  Egypt  j  no  Dairos  of  Japan,  or  Lamas  of  Tartary  ? 
In  vain,  under  the  cloak  of  religion,  does  the  human  heart  en- 
deavour to  conceal  its  paffions;  they  are  invariably  the  fame: 
the  conqueror  differs  not  from  the  prieft ;  both  are  alike  actuated 
hy  ambition  and  the  lufb  of  power;  the  pride  of  pre-eminence 
flifplays  itfelf  even  in  the  excefs  of  humility. 


The 
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The  Tendency  of  light  Bodies  floating  on 
the  Surface  of  Water  contained  in  a 
Veflfel  towards  the  Sides  of  that  Veffel. 

When  a  glafs  veffel  is  nearly  filled  with  water, 
a  thin  glafs  bubble,  or  a  piece  of  cork,  placed  on 
the  furface,  moves  with  an  accelerated  force  to- 
wards the  fide  of  the  veffel,  is  this  tendency  to 
be  attributed  to  the  power  of  attraction?  When 
we  examine  the  furface  of  the  water,  it  is  per- 
ceived higher  towards  the  fides  of  the  glafs  than 
towards  the  centre;  as  bodies  fpecifically  lighter 
than  the  fluid  on  which  they  float  muff  neceffa- 
rily  rife  to  the  fuperior  part,  the  glafs  bubbles 
mud  approach  the  fides  of  the  veffel s.  If  we 
caufe  to  float  a  body  which  is  fpecifically  heavier 
than  water,  but  whofe  gravity  is  not  fufficient  to 
overcome  the  vis  inertia  of  the  fluid,  as  a  needle 
fwimming  on  water,  we  mall  always  obferve  a 
contrary  effect  *  the  needle  will  avoid  the  fides  of 
the  glafs,  and  tend  towards  the  centre :  that  this 
cannot  any  ways  originate  from  a  peculiar  repul- 
five  power  between  the  glafs  and  needle,  may  be 
demonftrated  by  placing  the  needle  on  a  fmall 
piece  of  cork ;  it  then  tends  towards  the  fides. 
If  the  glafs  veffel  be  entirely  filled  with  water, 
thefe  effects  are  reverfed ;  the  central  part  of 

the 
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the  water  becomes  the  higheft ;  the  glafs  bubble 
flies  from  the  edges,  and  moves  with  rapidity  to- 
wards the  middle;  the  floating  needle  in  this  cafe 
does  not  retain  its  central  fituation,  but  moves 
with  an  increafing  velocity  towards  the  fides. 
If  in  the  firft  experiment  it  be  fuppofed  that  the 
bubble  is  attracted  by  the  glafs,  in  the  fecond  ex- 
periment we  muft  fay  it  is  repelled:  it  is  extremely 
difficult  to  conceive  how  fuch  contrary  powers 
mould  be  exerted,  merely  by  a  little  difference 
in  quantity  of  the  fame  fluid.  I  have  already 
obferved,  that  in  the  firft  cafe  the  water  is  higher 
towards  the  edges,  and  in  the  fecond  cafe  towards 
the  centre  ;  it  will  then  only  remain  to  enquire 
the  caufe  of  this.  A  fluid  acts  equally  in  every 
direction,  as  all  its  component  parts  are  equally 
obedient  to  the  general  preffure ;  fo  long  as  thefe 
are  uninterrupted,  the  furface  is  even  and  regu- 
lar. When  a  body  is  interpofed,  a  refiftance  is 
induced,  and  the  preffing  a&ion  of  the  whole 
fluid  is  limited  by  the  furface  of  the  body.  It  is 
eafy  to  conceive  how,  by  fuch  a  general  deter- 
mination, the  fluid  where  interrupted  will  be  the 
higheft;  as  the  fluid  tends  towards  the  centre  of 
the  earth,  it  meets  with  lefs  refiftance  in  its  cen- 
tral portion.  When  the  veffel  is,  as  it  were,  more 
than  filled,  we  find  the  fluid  higheft  in  the  centre; 
in  this  cafe  the  fluid  hangs  over  the  edge  of  the 
veffel,  the  gravity  of  the  fluid  not  overcoming 
the  combinatory  union  of  the  particles ;  fo  that, 
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in  fact,  the  fluid  is  only  depreffed  about  the 
edges,  in  confequence  of  a  portion  being  thus  in 
a  fufpenfory  ftate  ;  the  fame  quantity  fwelling 
over  the  edges,  when  interrupted  by  a  refilling 
furface,  would  render  the  fame  part  the  higheft. 


The  Rife  of  Fluids  in  capillary  Tubes. 

When  a  tube  of  a  very  fmall  bore  is  immerfed 
in  water,  the  water  rifes  in  the  tube  confiderably 
above  its  furface ;  the  increafe  of  its  rife  has  been 
found  to  be  in  the  ihverfe  ratio  of  the  diameters 
of  the  tubes:  this  is  obfervable  in  capillary  or 
hajr-like  tubes  of  every  kind,  as  in  lump  fu- 

This  rife  has  been  generally  attributed  to  a 
power  called  attraEiion  of  cohejion>  a  power  inhe- 
rent in  the  tube  of  drawing  the  water  upwards. 

When  we  immerfe  in  a  fluid  a  tube  of  a  nar- 
row bore,  we  find  the  fluid  rifes  to  a  certain 
height  above  the  level.  If  a  tube,  twelve  inches 
tong,  and  whofe  bore  does  not  exceed  the  twen- 
tieth part  of  an  inch,  be  divided  into  twelve 
parts,  when  one  part  is  immerfed  in  the  fluid,  the 
water  rifes  near  one  inch  and  a  half  in  the  tube 
above  the  level ;  when  two  parts  of  the  tube  are 
immerfed,  the  afcent  of  the  fluid  is  not  much 
more  than  one  inch  and  a  quarter;  when  a  third 
part  is  immerfed,  the  difference  is  £1111  lefs;  fa 
2,  that 
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that  when  ten  parts  of  the  tube  are  immerfed  in 
the  water,  the  rife  is  not  more  than  a  quarter  of 
an  inch ;  when  the  whole  tube  is  immerfed,  the 
afcentis  nothing. 

If  the  fides  of  the  tube  caufed  the  fluid  to  rife 
by  virtue  of  any  attractive  power,  why  mould 
there  be  this  gradation  in  the  afcent  of  the  fluid? 

It  appears  to  me  that  this  is  explicable  on  prin- 
ciples more  comprehenfible  than  thofe  which  arife 
from  the  fuppofition  of  unknown  powers. 

It  feems  to  depend  on  the  different  elafticity  of 
the  air;  the  elafticity  of  the  air  is  always  a  coun- 
teracting balance  to  the  general  preffure  of  the 
atmofphere;  as  a  diftended  bladder  preferves  its 
diftenfion,  becaufe  the  elafticity  of  the  included 
air  is  equal  to  the  preffure  externally.  If  by  any 
means  the  elafticity  of  the  air  is  diminished,  no 
longer  a  counteracting  force,  the  atmofpherie 
preffure  will  then  evince  its  power.  Bodies  of 
many  kinds,  we  obferve,  that  are  very  elaftic  in 
a  larger  mafs,  which  are  not  proportionally  fo  in 
a  fmaller  ftate,  as  glafs,  the  mod  elaftic  of  all 
bodies,  is  not  confiderably  fo  when  in  a  filamen- 
tous ftate,  as  in  glafs  feathers:  fo  with  air,  its 
elafticity  being  the  action  and  re-action  of  its  par- 
ticles ;  in  a  minute  column  we  cannot  expect  the 
fame  elafticity  as  in  the  funounding  unconfined 
air.  By  fuch  a  fuppofition  every  circumftance  of 
the  capillary  tube  is  eafily  explained.  When  the 
tube  is  immerfed  in  water,  the  water  meets  with 

T  a  lefs 
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lefs  refiftance  in  the  tube,  confequently  the  pref- 
fure  of  the  outer  air  will  caufe  the  water  to  rife. 
When  the  tube  has  more  of  its  parts  immerfed, 
then  the  afcent  is  not  fo  great;  becaufe  the  air  in 
the  tube  out  of  the  water  being  nearer  the  afmof- 
pheric  air,  neceffarily  increafes  in  its  elafticity, 
and  proportionally  refills  the  rife  of  the  water; 
this  refiftance  increafes  the  lefs  portion  of  the 
tube  there  is  out  of  the  water,  till  ultimately  the 
refiftance  is  equal  to  the  atmofpheric  preffure. 

That  the  air  in  the  tube  lofes  its  elafticity  may 
be  farther  demonftrated,  by  obferving  that  the 
fluid  will  rife  to  a  certain  degree  when  the  upper 
end  of  the  tube  is  not  open.  I  have  attempted 
fome  experiments  to  afcertain  what  ratio  there 
may^  be  in  the  deficiency  of  elafticity  in  different 
tubes. 

It  may  be  objected  to  this  fuppofition,  that 
the  fluid  will  rife  in  tubes  placed  within  an  ex- 
haufted  receiver ;  but  the  ratio  of  the  elafticity  of 
the  air  in  the  tube  to  that  of  the  receiver  will  be 
the  fame  as  above.  -  I  have  not  as  yet  obferved 
the  effects  which  would  take  place  in  the  highly- 
exhaufted  ft  ate  that  can  be  produced  by  the  va- 
luable, air  pump  of  Mr.  Cuthbertfon's  invention ; 
I  purpofe  to  afcertain  this  with'  the  affiftance  of 
this  Gentleman,  who,  as  an  experimentalift,  is 
fecond  to  no  one. 
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The  Force  with  which  two  polifhed  leaden 
Hemifpheres  cohere. 

When  two  polifhed  leaden  or  other  foft  metal- 
lic hemifpheres  are  rubbed  together  with  a  rota- 
ry motion,  they  cohere  with  fuch  power  as  to 
require  a  weight  for  their  feparation  confiderably 
more  than  what  would  be  requifite  for  the  fe- 
paration of  exhaufted  Magdebourg  hemifpheres 
of  the  fame  fize. 

Two  leaden  hemifpheres,  of  about  an  inch 
and  a  quarter  in  diameter,  will  require  1501b.  to 
feparate  them. 

This  cohefion  has  been  fuppofed  to  arife  from 
the  influence  of  a  certain  attractive  power  when 
the  furfaces  are  brought  nearly  into  contact. 

Two  hemifpheres,  well  polifhed,  and  their 
planes  placed  upon  each  other,  in  this  pofition, 
preffed  with  ever  fo  great  a  weight,  there  is  no 
particular  cohefion  produced. 

No  fuch  effect  is  induced  by  the  application, 
in  any  mode,  of  brafs  or  iron  plates. 

When  a  leaden  hemifphere  is  accurately  exa- 
mined by  a  glafs  after  the  cohefion  has  been  pro- 
duced, the  furface  appears  covered  with  fpiral 
lines  and  ridges  where  particles  of  the  lead  arc 
raifed  up. 

From 
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From  this  circumftance  the  power  with  which 
they  unite  is  ealily  explained. 

The  reverfe  rotary  motion  round  the  axis  of 
each  hemifphere  raifes  up  on  each  plane  particles 
of  the  lead  in  contrary  directions,  fo  that  all  the 
particles  of  the  one  being  locked  with  thofe  of 
the  other,  will  refift  feparation  in  proportion  to 
the  number  of  particles  thus  entangled.  This  is 
rendered  probable  from  the  following  reafons : 

However  ftrong  the  hemifpheres  were  united, 
they  do  not  in  the  leaft  refift  the  fame  rotary 
motion  which  induced  the  union. 

When  the  hemifpheres  have  thus  been  ufed 
two  or  three  times,  the  furfaces  become  fo  irre^ 
gular,  that  no  union  can  be  induced  till  the  fur-* 
faces  are  fcraped. 

Reflection  and  Inflexion  of  Light, 

Newton,  in  the  eighth  Propofition  of  his  fe* 
cond  Book  of  his  Optics,  fays,  that  the  reflection 
of  a  ray  of  light  is  not  effected  by  a  fingle  point 
of  the  reflecting  body,  but  by  fome  power  evenly 
diffufed  over  its  furface,  and  by  which  it  acts 
upon  the  ray  without  immediate  contact;  for  the 
parts  of  bodies  act  upon  light  at  a  diftance, 
Thofe  rays  which  do  not  impinge  on  folid  parts  are 
neceflarily  ftifled,  or  elfe  there  would  be  a  double 
reflection;  this  fine  fubftance  thrown  upon  the 

furfaces 
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furfaces  of  bodies  he  calls  aether:  he  fays  that 
mirrors  are  only  produced  by  rubbing  away  their 
protuberances,  as  none  to  us  may  be  vifible,  yet 
from  their  inequalities  would  reflect  light  diffe- 
rently, and  fcatter  the  rays. 

If  matter  has  the  power,  under  any  circum- 
fiances,  of  forming  to  itfelf,  or  as  matter  ne- 
ceffarily  connected  with  it,  an  atmofphere  capable 
of  reflecting  light,  this  atmofphere  muft  necefla- 
rily  be  regulated  in  its  extent  by  certain  proper- 
ties of  the  body.  In  fuch  a  fuppofition  each  lit- 
tle portion  muft  have  a  feparate  atmofphere,  which 
muft  alfo  produce  a  correfponding  inequality  in 
the  aetherial  medium,  and  a  necefiary  fcattering 
of  the  rays* 

If  we  take  a  mirror  of  the  mod  perfect  reflect- 
ing powers,  this  property  is  loft  by  having  the 
furface  ground.  Could  an  operation  of  this  kind 
be  fuppofed  to  impart  or  remove  an  aetherial  at- 
mofphere ? 

Newton  fuppofed  it  was  this  medium  which  ad- 
mitted of  refraction  as  well  as  reflection ;  that  it 
operated  in  the  cafe  of  the  fingle  refraction  as 
well  as  the  double  reflection,  which  occur  in 
every  looking-glafs,  where  we  always  find,  a  re- 
fraction produced  by  the  rays  of  light  pervading 
the  medium  of  the  glafs ;  alfo  an  image  formed 
by  the  reflection  from  the  quickfilver  furface, 
and  a  fecond  image  from  the  parts  of  the  glafs  it- 
felf. 

Inflection 
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Inflexion  of  Light. 

When  a  ray  of  light  pafTes  by  the  fharp  edges 
of  bodies,  it  bends  from  its  rectilineal  courfe,  and 
is  divided  into  a  number  of  coloured  fringes. 

This  is  called  the  inflexion  of  light. 

Grimaldi,  who  was  the  firft  that  paid  any  par- 
ticular attention  to  this  fubje6t,  made  ufe  of  thefe 
circumftances  as  proofs  of  the  Ariftotelian  fyf- 
tem,  that  light  is  not  a  fubftantial  but  an  acciden- 
tal quality :  while,  on  the  contrary,  Newton  fup- 
pofed  that  light  was  not  only  material,  but  that 
there  were  fome  powers  diffufed  over  the  furface 
of  the  body  that  produces  this  inflection^  before 
the  light  can  arrive  at  the  body  itfelf. 

Mairan  conjectured,  that  round  every  body 
thus  inflecting  light  there  is  an  atmofphere  of  a 
variable  denfity;  while  Monf.  du  Tour  fup- 
pofed  it  an  atmofphere  of  an  uniform  denfity. 

To  the  fupport  of  fuch  a  fuppofition,  it  has 
been  aflerted  that  the  light  is  inflected  before  it 
arrives  at  the  body;  confequently  by  the  influence 
of  fome  power  connected  with  the  body. 

It  is  obferved,  that  the  greater  the  intenfity  of 
light,  the  lefs  the  inflection. 

The  di (lance  that  is  afligned  between  the  in- 
flection of  the  ray  of  light  and  the  body  is  too 
fmall  to  be  afcertained. 

Probably 


(  MS  ) 

Probably  this  may  admit  of  explanation  on 
fimple  mechanical  principles. 

The  fineft  edges  of  any  cutting  inftrument 
which  can  be  made,  when  viewed  through  a  mi- 
crofcope,  appear  replete  with  inequalities. 

If  a  ray  of  light  be  regarded  as  a  mafs  of  ma- 
terial particles,  moving  with  that  amazing  velo- 
city which  is  generally  afligned,  and  fo  incon- 
ceivably minute  in  themfelves,  they  muft  be  di- 
verted from  their  ufual  courfe  in  confequence 
of  linking  on  the  little  projecting  parts  of  the 
fineft  edge. 

In  the  Effay  on  Vifion  it  was  obferved,  that 
probably  light  confifted  of  portions  whofe  mo- 
menta were  different ;  that  thefe,  when  divided, 
produced,  by  their  different  impulfes,  different 
actions  on  the  retina,  and  confequently  the  fenfa- 
tions  of  the  different  colours. 

When  a  ray  of  light,  compofed  of  portions  of 
different  momenta,  ftrike  upon  any  body,  the 
impulfes  will  be  different;  fo  that  the  portion 
with  theMefs  momentum  will  be  more  diverted 
from  its  courfe  than  the  portion  with  a  greater 
momentum. 

The  portions,  by  being  differently  bent,  will 
fall  feparately  on  any  opake  fubftance;  being 
reflected  to  the  eye  feparately,  will  thus  produce 
tne  different  coloured  fringes. 

'The  fame  muft  take  place  on  a  fcratch  of  a 
polilhed  mirror,  or  of  a  lens;  the  inequalities 

U  produced 
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produced  by  fuch  a  fcratch  will  act  in  the  fame 
manner. 

In  viewing  a  candle  with  the  eyes  nearly  clofed, 
the  inflexion  of  light  in  paffing  through  the  eye- 
lafhes  is  very  evident,  forming  luminous  trains, 
like  unto  comets'-  tails ;  as  the  inflections  by  every 
hair  of  the  eye-lafh  run  into  one  another,  the  co- 
loured fringes  are  deftroyed,  fo  that  only  a  lumi- 
nous diffufion  of  the  whole  appears, 

When  on  reflection  one  circumftance  was  o- 
mitted,  which  has  been  adduced  as  a  proof  of 
the  exiftence  of  fome  kind  of  power  acting  at  a 
diftance  from  the  body  itfelf,  a  drop  of  water  on 
a  vegetable  leaf  appears  opake  in  the  inferior 
part,  if  it  had  been  in  contact  with  the  vegetable, 
the  green  colour  of  the  leaf  would  have  been 
tranfmitted ;  hence  it  has  been  fuppofed  that  the 
watery  drop  is  kept  fufpended  by  fome  kind  of 
repulfive  power.  When  we  view  the  leaf  with  a 
microfcope  we  find  it  covered  with  an  infinite 
number  of  fine  fibrillae;  it  is  upon  thefe  the  drop 
is  fufpended,  and  owing  to  fuch  fupport  it  pre- 
ferves  its  fpherical  form. 
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Expanfion  of  Bodies  by  Heat,  and  Con- 
traction by  Cold. 

It  has  been  fuppofed  difficult  to  conceive  how 
the  ultimate  particles  of  bodies  could  be  in  con- 
tact, as  they  are  expanded  by  caloric,  and  con- 
tracted by  cold ;  that  if  they  are  in  contact, 
and  their  union  depended  on  fuch  contact,  they 
could  not  admit  of  the  leaft  expanfion  without 
feparation. 

If  they  are  in  actual  contact,  an  approxima- 
tion could  not  be  induced  by  the  application  of 
cold. 

As  we  do  obferve  bodies  fufFer  expanfion  with- 
out feparation,  and  likewife  admit  of  condenfa- 
tion,  it  has  been  thought  more  eafy  to  fuppofe 
that  the  ultimate  particles  are  not  in  any  contact, 
but  that  each  particle  is  furrounded  with  an  at- 
mofphere  £>f  a  repullive  nature,  which  acts  pow- 
erfully at  a  very  minute  diftance  from  the  par- 
ticle. 

This  repulfive  power  being  increafed  by  calo- 
ric, and  diminished  by  cold,  would  explain  the 
different  ftates. 

Every  particle  being  furrounded  by  a  fphere 
of  repulfion,  would  neceffarily  prevent  that  union 
we  obferve  in  bodies,  were  not  fome  other  power 
fuppofed  to  be  interpofed;  hence  it  is  faid  that 
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fpheres  of  attraction  extending  farther  than  the 
fpheres  of  repulfion,  prevent  any  feparation. 

b\t  what  circumftances  are  thefe  principles  re- 
gulated? They  do  not  depend  upon  the  quantity 
of  matter,  as  gold  is  eafier  feparated  than  iron, 

I  muft  confefs  I  cannot  carry  my  mental  pow- 
ers to  fuch  axi  extent,  as  to  conceive  the  exiftence 
of  two  contradictory  elements  exifting  in  one 
and  th£  fame  body. 

If  fuch  powers  did  actually  exift,  if  equal  in 
their  influence,  they  muft  deftroy  each  other ;  if 
different,  only  the  excefs  could  prevail. 

It  appears  to  me  that  thefe  different  ftates  of 
bodies  may  be  more  fimply  explained. 

I  will  illuftrate  my  meaning  by  water:  we  find, 
by  abftrafting  a  certain  quantity,  or  imparting  a 
certain  quantity  of  caloric  *  to  or  from  water,  fo 
that  its  temperature  be  at  32°,  it  changes  its  fluid 
appearance,  (hooting  out  into  cryftals,  forming  a 
folid  fubftance  called  ice. 

The  figure  of  the  integrant  parts  of  ice  is  an 
equilateral  triangle,  which,  by  fucceffive  unions, 

*  Although  ice  has  been  deemed  the  more  native  ftate  of 
water,  yet  a  certain  portion  of  caloric  is  requifite  to  its  forma- 
tion. Water,  at  the  temperature  of  200,  may  be  in  a  fluid 
Hate;  when  raifed  to  32°,  may  congelatej  we  are  informed, 
that  in  the  icy  cavern  of  Szelice,  near  Mount  Carpathus,  the 
water  freezes  in  the  fummer,  and  melts  as  the  winter  approaches : 
fo  Wolfius  has  obferved  the  fame  in  Germany,  (Elem.  Acrom. 
1203.)  and  Reaumur  in  France,  (UHifi.  d&  TAcad.  Roy.  1730.) 

form 
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form  little  oQohedrons,  whofe  aggregation  pro-* 
duces  that  beautiful  arborifation  we  obferve  on 
our  windows. 

Mairan  tells  us,  that  thefe  little  icy  cryftals  are 
inclined  to  each  other  in  an  angle  of  6o°  or  1200. 

The  ice  we  find  fpecifically  lighter  than  water; 
here  is  a  fubftance  lofing  Tx_  part  of  its  fpecific 
weight,  and  confequently  a  proportionate  increafe 
in  bulk,  by  abftraffing  that  principle  which  al- 
ways expands  *. 

k.  I  believe  it  will  be  granted  me,  that  in  fluids 
the  particles  are  perfectly  fpherical,  evident  from 
their  free  and  eafy  motion  ;  that  this  fphericity  is 
acquired  by  the  combinatory  union  of  caloric 
with  their  ultimate  particles;  thofe  bodies  not 
capable  of  fuch  a  combination  cannot  be  lique- 
fied. 

It 

*  That  ice  is  only  water  feparated  from  a  portion  of  caloric 
feeras  to  have  been  an  opinion  entertained  by  the  moll  ancient 
philofophers.  Cicero,  who  afcribed  animation  to  fire,  has  par- 
ticularly noticed  that  congelation  is  owing  to  the  abrtraclion-oT" 
this  principle.  "  Atquae  aquce  etiam  admiftum  erTe  calorem, 
"  primum  ipfe  liquor,  turn  aquae  declarat  efTufio :  quae  neqUe 
V  conglaciaret  frigoribus,  neque  nive,  pruinaque  concrefceret, 
t{  nifi  eadem  fe  admifto  calore  liquefa6ta,  et  dilapfa,  difFun- 
"  deret."  {Cic.  de  Nat.  Deor.  lib.  11.)  Galilaeo  was  the  nrft 
who  obferved  that  ice  is  fpecifically  lighter  than  water  5  he  at- 
tributed this  increafe  of  bulk  to  a  quantity  of  air  bubbles  dis- 
engaged from  the  water  in  the  a6l  of  freezing,  and  of  this  opi- 
nion were  the  Florentine  philofophers..  Boerhaave,  and  many 
£thers.  {Exp.  Acad,  del  Cm.  25.  3.). 
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It  is  no  difficult  matter  to  conceive  how  the 
ultimate  particles  which  compofe  a  body  may 
admit  within  each  particle  a  certain  quantity  of 
caloric,  which  tending  equally  every  way,  may- 
induce  this  fphericity. 

2.  That  fluid  fpherical  particles,  when  con- 
verted into  a  folid,  is  .effe&ed  by  abftra&ing 
that  portion  of  caloric  which  rendered  the  parti- 
cles fpherical,  and  then  they  re  fume  their  native 
form. 

3.  A  fpherical  particle  is  eafily  demonftrated  to 
contain  the  greatcft  quantity  of  matter  in  the 
leaft  fpace,  and  when  changed  in  form,  may  oc- 
cupy a  greater  fpace,  more  than  adequate  to  its 
own  increafe  by  its  union  with  caloric. 

4.,  According  as  the  change  is  more  or  lefs 
deviating  from  a  fphere,  the  difference  in  bulk 
will  be  greater  or  lefs. 

Des  Cartes,  as  attached  to  his  three  elements,  as  Newton  was 
to  his  aether,  whimfically  fancied,  that  when  the  globules  of  his 
fecond  element  were  inactive  in  air,  the  air  was  converted  into, 
water  ;  and  when  inactive  in  water,  the  water  was  changed  into 
ice.  '}  Ut  cum  ifti  globuli  paulo  minus  folito  agunt,  aquam 
**  in  glaciem  mutent,  et  particulas -aeris  in  aquam." 

Prin.  Pbilof. 

MuiTchenbroek  fuppofed  that  water  could  not  be  converted 
into  a  folid  by  the  mere  abftraction  of  caloric  j  he  thought  the 
particles  of  the  fluid  muft  be  fixed  by  wedges  of  fubtle  bodies 
out  of  the  atmofphere,  mingling  with  water,  and  entering  into 
the  pores  of  the  particles.  V.  Elem.  Pbilof. 
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If  in  any  cubic  veflel  we  calculate  the  number 
of  octahedral  pyramids,  fimilar  in  content  to  an 
equal  number  of  fpherical  particles,  and  inclined 
to  each  other  in  an  angle  of  fixty  degrees,  we 
ihall  find  that  the  faid  veffel  will  only  contain 
three  fourths  of  the  pyramids,  as  it  would  of  the 
fpheres. 

From  hence  we  may  eafily  explain  the  increafe 
in  bulk  of  ice  by  the  change  in  form  of  the  ulti- 
mate particles,  and  allowing  fufficient  for  the  ex- 
panfion  of  the  fluid  from  caloric. 

By  one  particle  being  in  aftual  contact  with 
another,  each  is  wedged  in  by  its  neighbour,  and 
thus  the  whole  is  mechanically  retained*. 

*  Some  idea  may  be  formed  of  the  power  with  which  one 
particle  is  wedged  with  another,  when  we  reflect  on  the  power 
of  reliftance  in  the  aggregated  mafs.  The  Florentine  philofo- 
phers  included  water  in  a  golden  ball,  clofed  it  up,  and  accu- 
rately meafured  its  greateft  circle  by  means  of  a  wheel  of  me- 
tal. The  water,  when  converted  into  ice,  fwelled  the  golden 
ball  very  conliderably,  fo  that  it  would  not  pafs  through  the 
fame  wheel  j  the  expanfion  was  fo  violent,  as  to  extend  the 
whole  mafs  of  gold.  (Tent  Florent.  p.  142.).  Veffels  of  glafs, 
earth,  ftones,  and  even  metals,  have  been  burftj  trees  have 
been  cleft,  and  houfes  razed  from  their  foundation.  Huygens 
has  obferved,  that  an  iron  cannon  has  been  burft  by  the  conge- 
lation of  water  included  therein.  The  Rev.  Mr.  Jones  fays, 
that  in  a  final  1  box,  holding  about  ten  inches  of  water,  which 
being  converted  into  ice,  raifed  up  a  weight  equal  to  22961b. 
This  is  in  no  refpects  equal  to  the  experiments  of  the  Florentine 
Academician,  who,  by  including  water  in  thick  lpheres  of 
brafs,  eftimated  the  expanfive  force  of  the  icy  cryftals  to  be  in 
every  fpherical  inch  equal  to  27,7201b.    (Tent  Flor.  p.  ) 

The 
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The  force  with  which  they  refift  feparation  will 
be  regulated  by  the  form  of  the  particles,  and 
angles  of  inclination  they  form  with  each  other. 

If  we  fuppofe  four  cubical  particles  lying  with 
thei,r  fides  parallel  to  each  other,  were  feparated, 
fo  as  to  touch  only  at  their  corners,  the  fpace  they 
would  then  occupy  would  be  double,  what  inter- 
vals of  expanfion  between  thefe  two  ftates,  and' 
which  €afily  explain  how  a  body  may  be  ex- 
panded by  heat  without  the  particles  being  dif- 
united  *. 

All  thefe  circumftances  which  have  been  ad- 
duced as  proofs  of  the  exiftence  of  certain  pow- 

*  When  the  particles  are  of  an  irregular  or  polygonal  figure, 
the  expanfion  will  take  place  in  fome  parts  before  the  whole 
particle  is  rendered  fpherical,  and  confequently  produce  an  ex- 
panfion of  the  whole  mafs.  If  the  form  of  an  ultimate  particle 
be  a  cone  or  pyramid,  any  caloric  that  may  be  admitted  would 
firft  fwell  out  the  part  near  the  apex,  as  there  meeting  with, 
more  refiftance. 

How  fimply  this  explains  that  firm  union  which  exifts  in 
metallic  bodies  ;  when  melted  they  occupy  lefs  fpace  than  when 
in  a  folid  ftate :  the  external  furface  is  the  firft  portion  which  is 
cooled,  afterwards  a  contiguous  ftratum  or  layer :  the  exterior 
lamina,  when  cooled,  refift  the  fwelling  of  the  interior,  fo  that 
each  particle  becomes  fo  finely  impacted  with  one  another,  as 
to  render  their  feparation  fo  very  difficult 5  while  thofe  bodies 
which  formed,  as  it  were,  from  a  centre  to  a  circumference, 
their  adhefion  is  neceflarily  not  fo  ftrong  3  the  gradual  arrange- 
ment of  the  particles  gradually  infinuating  into  each  other,  will 
ultimately  form  a  folid  fubftance,  whofe  refiftance  to  feparation 
will  be  regulated  by  the  figure  of  its  conftituent  particles. 
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ers,  we  find  are  reducible  to  pure  mechanical 
*  principles.  "  By  rejecting  fuch  fuppofitions  in  our 
fyftems  of  philofophy,  we  fhall  Amplify  inuch; 
the  ground  work  will  be  clear  and  evident,  when 
the  fundamental  principles  are  cognizable  to  every 
mind.  A  ftudent  feels  difcouraged  in  his  purfuits 
when  embarrafled  by  crowds  of  powers s  cetherial 
atmofphereSi  attractive  and  repulfive  influences ;  not 
being  enabled  to  conceive  their  exiflence,  he  is 
apt  to  attribute  to  his  own  inability  what  is  in  fa£i 
incomprehenfibie  to  all. 

Notwithstanding  the  great  authorities  of  a 
Boyle,  a  Newton,  a  Boerhaave,  and  a  Prieftley, 
whom  no  one  can  revere  more  than  I  do,  with 
refpecl:  to  the  Ample  properties  of  matter,  I  muft 
give  my  vote  of  preference  to  the  plain  and  eafy 
do&rine  of  Des  Cartes. 

If  I  fhould  hereafter  be  induced  to  trouble 
the  Public  with'  a  fecond  volume  of  EfTays,  I 
purpofe  to  attempt  the  fame  mode  of  reafoning 
with  refpecl  to  chemical  affinities,  electricity  ^  mag- 
netifm,  and  gravitation. 
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Of  the  Homogeneity  of  Matter. 

That  the  primary  particles  of  matter  are  homo-* 
geneal,  or  of  the  fame  kind,  is  an  idea  which  has 
been  entertained  by  philofophers  in  the  molt  dis- 
tant periods,  as  well  as  in  modern  times. 

It  has  already  been  obferved,  that  Thales  fup- 
pofed  water  as  the  element  out  of  which  every 
thing  was  formed;  that  all  the  variety  of  matter 
was  owing  to  the  different  arrangement  of  the 
watery  particles :  it  has  been  fuppofed  that  the 
hemp  feed  expanded  and  unfolded  its  vegetable 
by  the  addition  of  water  only;  that  the  hemp  was 
formed  into  threads,  the  threads  into  cloth,  and 
the-  cloth  into  paper;  through  all  thefe  different 
ftates  the  water  paffes,  affuming  in  each  diftinft 
appearances,  from  the  diverfity  of  its  arrange- 
ment. The  Pythagoreans  imagined  there  were 
five  elements;  the  Ariftotelians  four ;  the  Carte- 
fians  three*.    Newton  and  his  difciples  have  fup- 

*  The  ancient  cheniifts  fuppofed  there  were  three  principles  ; 
tria  prima,  viz.  fait,  fulpbur,  and  mercury:  fubfequent  chemifts 
added  earth  and  water.  Paracelfus  imagined  that  the  liars  are 
cucurbits,  in  which  meteorical  fait,  fulphur,  and  mercury,  are 
contained  ;  and  that  the  winds,  which  are  made  of  thefe  by  the 
aetherial  volcanos,  are  blown  forth  out  of  thefe  emunctories ; 
that  the  ftars  are  the  pots  in  which  the  Archaeus,  or  heavenly 
Vulcan,  prepares  pluvious  matter;  that  hail  and  fnow  are  the 
fruits  of  the  ftars.  The  ftars  eat  and  are  nourilhed,  and  that 
falling  ftars  are  their  excrements.      Traff.  de  Meteor.  Parac. 

pofed 


(    *55  ) 

pofed  that  God,  in  the  beginning,  formed  certain 
hard,  impenetrable  particles,  out  of  which  every 
thing  has  been  formed;  he  imagined  it  might  be~ 
fome  fuch  matter  as  light;  as  he  fays,  upon  the 
authority  of  Mr.  Boyle*,  that  water,  after  260 
diftillations,  was  converted  into  earth,  and  earth, 
by  ignition,  may  be  converted  into  light. 

To  change  one  matter  into  that  of  another, 
only  a  frefh  arrangement  of  its  primary  particles 
were  deemed  necerTary ;  thus  the  laboured  attempts 
of  alchemifts,  in  the  tranfmutation  of  metals,  to 
change  iron  into  gold,  it  was  thought  only  requi- 
{he  to  increafe  the  denfity  of  the  former,  to  ren- 
der its  primary  particles  in  the  fame  ftate  of  ap- 
proximation as  the  latter ;  even  Boerhaave  ima- 
gined fuch  was  only  necelfary  in  converting  glafs 
into  diamond.  Infinite  are  the  experiments 
which  have  been  tried ;  however  they  may  have 
failed  in  their  attempts,  their  accidental  difcove- 
ries  have  contributed  much  to  the  increafe  of  fci- 
ence.  The  Pythagorean  fyftem,  revived  by  Co- 
pernicus, was  not  admitted  till  the  wild  do£irine 
of  Des  Cartes  eftablifhed  it. 

So  to  that  mad  enthufiaft,  Paracelfus,  the 
torturer  of  mercury,  are  we  indebted  for  the 
principal  preparations  of  this  valuable  metal. 

*  Mr.  Boyle  did  not  try  the  experiment  himfelf,  but  took  it 
upon  the  credit  of  another,  that  an  ounce  of  water,  after  200  b 
diftillations,  produced  6  drachms  of  a  whitilh  earth.  Boerhaave 
has  (hewn  the  fallacy  of  this. 

X  2  We 
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We  obferve,  that  gold  in  the  ingot  is  gold  iri 
the  powder,  and,  however  varied  in  form,  is  ftili 
gold  ;  fo  iron  is  the  fame,  whether  in  the  bar,  or 
united  with  an  acid  in  the  form  of  green  vitriol, 
in  ochre,  or  in  vegetable  recrements.  Bodies  of 
this  clafs  have1  their  conilituent  parades  of  ex- 
actly the  fame  principle  as  the  body  formed  by 
their  union. 

It  has  been  fuppofed  by  fome  chemifts,  that 
metals  are  not  elementary  bodies,  for  that  iron 
may  be  generated  by  vegetables;  ^ we  certainly  do 
obferve  the  production  of  iron  from  the  decom- 
poliiion  of  vegetables.    Waters  oozing  from  all 
moraifes  are  chalybeate,  and  depofit  their  ochre 
on  being  expofed  to  the  air;  the  iron  acquiring  a 
calciform  itate  from  its  union  with  oxygene,  or 
vital  air.    This  formation  of  iron  from  vegetable 
recrements  is  farther  evinced  by  the  fern  leaves, 
and  other  parts  of  vegetables,  fo  frequently 
found  in  the  centre  of  the  nodules  of  fome  iron 
ores.    Kirwan  fays  that  all  the  leaves  confift  of 
one  fourth  of  iron.    Jf  iron  is  fo  univerfally 
diffufed  as  to  conftittite  fo  great  a  portion  of  ve- 
getables*  do  they  feparate  it  from  the  foil  ?  from 
the  air,  as  Prieiiley  fays  iron  there  exift,  or  cre- 
ate it  themfelves  ?  Although  our  chemical  ana- 
lyfes  can  no  ways  reduce  metallic  bodies  to  a 
more  fimple  ftate,  are  fuch  bodies  to  be  deemed 
perfecl  elements?  May  not  they  arife  in  confe- 
quence  of  certain  combinations  which  may  be 
%  effected 
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effe&ed  by  living  powers?  We  daily  fee  the 
power  of  vegetables  in  decompofing  water,  in 
abforbing  light,  &c.  and  hence  may  we  not  fup- 
pofe  that  one  important  purpofe  they  are  to  anfwer 
is  to  form  an  union  of  certain  principles  for  the 
advantage  of  mankind?  Thus  to*one  fimple  ve- 
getable, a  folitary  fern,  we  may  be  indebted  for 
all  the  iron  we  poffefs,  as  well  as  to  a  (ingle  and 
fmall  polype,  the  ifland  we  inhabit  *• 

It 

*  Polypes,  the  fpecies  which  form  the  coral,  were  formerly 
deemed  marine  mineials;  afterwards,  by  La  Pluche,  the  Comte 
tie  J^arfylles,  and  others,  were  fuppofed  to  be  vegetables ;  and 
fome  curious  theories  were  formed  refpecHng  their  being  always 
attached  to  rocks  :  it  was  fancied  they  were  formed  as  fhelters 
and  fupport  to  tortoifes  and  other  fhell  fifh.  When  the  cele- 
brated Naturalifts,  Ellis  and  Peyftbnel,  had  proved  they  were 
animals,  then  enquiries  were  made  refpe  cling  the  nature  of  the 
ftony  incruftration  in  which  they  are  embedded,  and  which  is 
ufually  known  by  the  name  of  coral.  Reaumur  had  fuppofed, 
that  in  mails  the  fnell  was  formed  by  a  tartarous  moifture  tran- 
fuding  through  the  pores  of  the  animal,  and  that  the  body  was 
only  the  mould.    <e  Q.u'il  a  des  coquilles  qui  croiffent  parjuxta 

fojit'wn,  qu'elles  fe  forment  des  fucs  pierreux  qui  tranfudent  des 
u  pores  de  I'animal^  que  fon  corps  en  eft  re-ellement  le  moule." 
Had  fuch  been  the  cafe,  the  mail  could  never  have  had  that  free 
and  eafy  motion.  The  coral,  he  fays,  is  a  mere  neft  for  the  po- 
lype :  iC  Le  corail  eft  un  polypier,  comme  on  nomme  un  nid  de 
V  Guepes  in  Guepier."  This  fame  error  Bomare,  in  his  valu- 
able Dictionary,  has  imbibed.  Monf.  Trembley,  whofe  obfer- 
vations  on  the  polype  are  well  known,  has  not  paid  any  parti- 
cular attention  to  the  coral.  Monf.  Heriflant,  in  his  ingenious 
pbfervations  on  Madrepores  and  Corals,  demonftfates,  that  the 

coral 
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It  appears  more  eafy  to  conceive  that  there 
fliould  be  more  elements  than  one,  as  we  could 
not  from  any  analogy  imagine  how,  by  any  poL 
fible  arrangement  of  the  fame  particles,  that  di- 
verfity  of  bodies  we  fee,  poffefling  fuch  different 
properties,  unlefs  by  fuppofing  that  there  are  bi- 
nary, 

coral  is  to  the  polype  what  the  {hell  of  a  fnail  is  to  the  fnail; 
that  before  any  incruftration  takes  place,  a  quantity  of  coagru 
lable  lymph  is  thrown  out,  fo  as  to  form  a  membranous  enve- 
lope ment  of  a  parenchymatous  nature;  into  this  the  calcareous 
depofit  is  made,  fo  that  in  a  coral  each  polype  is  fecured  by  its 
own  membranous  envelopement,  and  which  inereafes  by  fuc- 
ceffive  layers.  The  polypes  multiply  by  moots;  one  planted 
upon  another,  and  the  whole  rifing  from  one  general  trunk, 
which  was  formed  by  the  firlt  polype,  by  thus  branching  out 
has  been  fuppofed  a  marine  plant.  This  is  an  admirable  inftance 
of  the  powers  of  life  forming  an  union  of  thofe  principles  that 
cenffitute  aeriated  lime.  When  we  fee  thofe  large  malfes  which 
are  formed  by  thefe  animals,  is  it  unreafonable  to  fuppofe,  that 
after  they  have  anfwered  the  purpofes  of  the  polype's  exiftence, 
they  may,  by  fucceffive  unions,  form  an  ifland  ?  and  we  might 
extend  our  ideas  Hill  farther,  and  fuppofe  that  all  bodies,  where 
there  is  a  firm  degree  of  union  in  their  conftituent  parts,  that 
fuch  have  been  formed  by  the  influence  of  living  powers.  We 
may  thus  be  enabled  to  conceive  why  there  mould  be  in  particu- 
lar places  particular  kinds  of  firm  united  maffes  of  matter;  un- 
lefs by  fome  fuch  influence  it  would  be  difficult  to  explain  why 
in  fome  parts  there  mould  be  fuch  quantities  of  filver,  in  others 
gold,  diamonds,  &c. 

We  may  thus  form  fome  idea  of  the  utility  ©f  the  myriads  of 
infe&s  embowelled  within  the  earth;  they  may  be  at  work  in 
forming  thele  decompolitions  and  unions,  and  thus  conftitute 
fieceffary  links  in  the  chain  of  creation;  that  they  are  all  per* 

forming 
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nary,  ternary,  quaternary  combinations,  &c.  and 
beyond  which  no  bodies  by  any  analyfis  can  be 
reduced. 

We  may  fay  a  primary  particle  poffefles  a  cer- 
tain property ;  two  of  thefe  particles  to  us  infe* 
parably  united  a  fecond  property,  fo  three  parti- 
cles a  third  combination,  &c. 

Such,  perhaps,  may  appear  more  fimple  than 
to  fuppofe  the  primary  particles  of  matter  hetero- 
geneous. 

May  we  not  imagine  that  the  powers  of  life  may 
have  more  influence  on  thefe  combinations  than 

forming  their  feveral  functions  in  obedience  and  fubmiffion  t* 
the  divine  will. 

•  «*  Tota  concors  fabrica  perfonat 

Dei  tuentis  cuncta  potentiam, 
Non  voce  quae  pancorum  ad  aures 
£erveniat  ftrepitu  maligno. 

Buchanan^  Pf.  xviiL  . 

They  may  ht  regarded  as  agents,  the  refults  of  whofe  tranf- 
actions  are  conducive  to  the  happinefs  of  mankind 5  they  tend 
to  prevent  that  Hate  of  apathy,  that  vegetable  kind  of  exiftence 
into  which  we  fhould  fall,  were  we  not  ftimulated  by  the  value 
affixed  to  their  productions  j  they  rouze  us  to  exertions,  they  in- 
cite us  to  rifle  the  dark  caverns  of  the  earth,  and  purloin  front 
thence  thefe  different  treafures.  Not  with  the  poet  can  we  con- 
ceive that  it  is  a  kind  of  facrilege  to  difclofe  to  view  what  the 
Deity  had  thought  proper  to  conceal  from  our  fight. 

  Itum  eft  in  vifcera  terrae, 

Quafq ;  recondiderat,  ftygiifq  j  admoverat  umbris 
Effodiuntur  opes,  &"ca  Ovid  Metam.  1 . 


our 
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our  retorts. and  our  crucibles?  and  that  to  their 
influence  may  be  owing  the  nature  of  thofe  fecre- 
tions  which  are  fo  different  from  the  principles  of 
which  they  were  formed,  as  the  poifon  of  veno- 
mous animals,  the  bitternefs  of  bilei  &c. 

We  may  thus  form  fome  idea  how  the  living 
powers,  when  difturbed  in  their  action^  may,  by 
decompofmg  thofe  bodies  which  are  deemed  che- 
mical elements,  form  thofe  unions  which  may 
conftitute  contagious  miafmata,  and  infectious 
fecretions. 

In  atonic  ftates  of  the  ftomach  air  is  in  abun- 
dance fecreted;  in  diabetes  fugar,  in  large  quan- 
tities, will  be  formed;  and  in  every  morbid  af- 
fection of  a  gland  its  natural  fecretion  is  entirely 
changed* 


OF 


OF  THE 


SYMMETRIC  ARRANGEMENT 

CP  THE 

CONSTITUENT  PARTICLES  OF  BODIES. 


I N  various  minerals  we  obferve  that  there  is  a 
fomething  more  than  a  mere  fortuitous  concourfc 
of  the  conftituent  particles;  there  is  a  fymmetric 
aflemblage,  a  beautiful  arrangement  appropriate 
to  particular  bodies.  When  thefe  prefent  them- 
felves  under  any  regular  form  whofe  faces  may- 
be reprefented  by  geometrical  figures,  fuch  are 
called  cryftals 

*  The  ancients  knew  only  the  rock  cryftal  and  fome  other 
tranfparent  (tones,  thinking  they  were  congealed  water,  becaufe 
principally  found  on  mountains  whofe  temperature  is  intenfely 
cold  5  called  thus  cryftals,  from  %pyr«^^  ice. 

That  they  are  found  plentifully  in  high  mountains  is  becaufe 
thofe  in  Italy  are  of  granite,  of  which  quartz,  or  rock  cryftal, 
w  the  principal  ingredient, 

Y  It 
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It  would  feem  that  there  was  fome  power  in- 
fluencing the  conftituent  particles  of  thefe  mine- 
rals, while  floating  in  the  fluid  in  which  they  are 
diffolved ;  as  we  perceive  the  integrant  particles, 
although  feparated  by  the  interpofition  of  a  liquid, 
are  determined  to  unite  and  form  a  folid  mafs  of 
regular  and  conftant  figures. 

If  we  dip  a  thread  into  a  folution  of  alum,  we 
find  the  thread  will  be  covered  with  little  cryftals 
of  an  oclohedrai  form ;  if  we  again  immerfe  the 
thread,  we  do  not  find  an  accidental  Mattering  of 
the  fame  cryftals  in  different  parts  of  the  thread. 
The  fucceffive  layers  are  determined  to  the  firft 
cryftals,  increafing  their  fize  with  the  fame  o£io- 
hedral  form. 

It  has  been  thought  that  this  regular  arrange- 
ment is  effected  by  the  influence  of  a  power  a  de- 
gree inferior  to  vegetable  life;  thus  Haller  ob- 
ferves  that  animal  life  is  a  degree  above  vegeta- 
bles, and  vegetable  life  a  degree  above  cryftali- 
zation.  Von  Linnaeus  fays,  "  Lapides  crefcunt; 
"  vegetabilia,  crefcunt  et  vivunt;  animalia  ere- 
<c  fcunt,  vivunt  et  fentiunt."  Monf.  Metherie, 
and  others,  have  fuppofed  that  there  are  feeds  of 
cryftalization,  that  there  is  a  fpontaneous  gene- 
ration in  the  mineral  kingdom;  they  have  ex- 
tended this  doftrine  fo  far,  as  to  fuppofe  animals 
or  vegetables  are  produced  by  the  cryftalization 
of  the  feed.         1  ' 

That 
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*  Irhat  minerals  poflefs  fome  powers  equivalent 
to  life  is  an  idea  that  has  been  entertained  by 
TheophrattuSjTournefort*,  Plptt,  Lifter,  and  the 
learned  Bifhop  of-  Llandaff,  and  no  do&rine  can 
be  abfurd  which  is  efpoufed  by  fuch  charafters  as 
thefe ;  they  faw  that  there  was  a  fomething  which 
influenced  this  arrangement  that  could  not  then 
be  referred  to  any  known  principle. 

Since  Mr.  Lichtenberg  has  fhewn  us  what  beau- 
tiful configurations  may  be  produced  on  an  elec- 
trophorus,  and  the  ramifications  influenced  by 
the  ftate  of  eleQricity,  with  forrie  degree  of 
reafon  it  has  been  thought  that  cryftalization 
may  be  owing  to  the  influence  of  the  fame  prin- 
ciple. 

As  the  principle  of  eleclricity  is  fo  univerfally 
diffufed,  in  every  a&ion  the  mo  ft  minute  its 

*  Tournefort,  in  his  Defcription  of  the  Labyrinth  of  Candia 
or  Crete,  obferves  that  the  ftones  there  evidently  grow ;  an  in- 
creafe  which  aannot  take  place  from  their  fituation  by  the  acci- 
dental accretion  of  matter  externally.  Perfons  who  have  cut 
their  names  on  the  perpendicular  walls  cf  this  labyrinth,  the 
ftrokes  of  the  chifel  are  not  only  filled  up,  but  even  raifed  two 
or  three  lines  above  the  furface  of  the  ftone,  fo  that  what  at  firft 
were  indented,  are  now  fo  many  baflb  relievos,  formed  of  a  mat- 
ter much  whiter  than  the  general  mafs. 

This  notion  is  not  entirely  new,  as  Pliny  informs  us  that 
Mutianus  and  Theophraftus  believed  the  fame  j  and  Gregory 
Nazianzen  aflures  us  that  there  were  fome  authors  who  main- 
tained that  ftones  made  love  and  a  learned  living  writer  ima- 
gines that  the  various  teaks  of  ftones  are  an  arrangement  of 
calculous  vefTels, 

Y  %  agency 
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agency  is  difplayed.  The  evaporation  of  a  drojf 
of  water,  the  agitation  of  a  few  dufty  particles, 
the  contact  of  two  different  metals,  the  change 
gf  temperature  in  any  body,  even  the  wafture  of 
any  part  of  our  apparel,  can  no  ways  be  effected 
without  unfolding  a  certain  portion  of  this  ener- 
gizing power. 

As  it  is  well  known  that  fome  bodies,  when 
united,  have  their  capacities  for  caloric  increafed, 
while  others,  when  entering  into  combinations, 
will  impart  a  confiderabie  quantity.  So  it  is  with 
bodies  with  refpect  to  electricity ;  fome,  upon  the 
leaft  difturbance,  will  appear  to  have  a  fuperflu- 
ous  quantity,  and  freely  impart  it  to  the  furround- 
ing  medium;  while  other  bodies  appear  as  if 
they,  cannot  enter  into  any  altered  ftate  without 
an  additional  quantity  of  this  principle. 

It  is  no  difficult  matter  to  conceive  that  the 
conftituent  particles  of  different  minerals  poffefs 
different  degrees  of  power;  and  as  they  are  in- 
fluenced in  their  arrangement  by  this  power,  each 
mineral  muft  have  its  own  refpective  arrange- 
ment. 

This  arrangement  can  only  take  place  when 
the  conftituent  particles  arc  in  a  fluid  ftate,  and 
running  gradually  into  a  folidform. 

When  the  combination  of  the  fame  elementary 
principles  operate  in  fimilar  and  exactly  propor- 
tionate circumftances,  the  fame  formed  body  re- 

Cults 
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fults  with  the  fame  denfity,  the  fame  hardnefsi 
tafte,  &c. 

When  the  procefs  is  flow,  we  find  a  fymmetri- 
cal  and  regular  arrangement  of  the  cfyftaline 
moleculse;  the  electric  principle  which  is  difen- 
gaged  operates  equally  from  the  fluidity  and  tem- 
perature of  the  body  being  preferved  in  nearly 
an  equal  ftate,  fo  that  each  particle,  equally  in- 
fluenced, flioots  out  in  equal  directions. 

When  the  procefs  is  hurried,  inftead  of  cryftals 
with  determinate  formed  faces,  we  have  only 
curved  furfaces,  dendrites,  and  mafies,  fometime's 
fo  ill  formed,  with  an  appearance  lamellated,  ftri- 
ated,  granulated,  or  cellular,  and  at  other  times 
an  aflemblage  of  almoft  imperceptible  moleculse. 

Such  is  the  difference  between  a  rhomboidal 
calcareous  fpar,  and  a  block  of  ftalaftites,  or 
white  marble;  between  a  regular  cryftal  of  fele- 
nite,  and  the  common  gypfum  or  alabafter ;  be- 
tween a  quartz  or  rock  cryftal,  the  hexagonal 
fpecies  with  ifofceles,  triangular  planes,  and  the 
unformed  quartz,  as  freeftone,  agate,  or  flint. 

If  we  have  three  hot  faturated  folutions  of  ma- 
rine fait,  if  we  cryftalize  the  fait  in  one  folution 
by  a  quick  evaporation  over  the  fire,  and  put 
the  fecond  folution  in  a  cool  fituation,  and  the 
third  placed  within  a  large  ^medium  of  its  own 
temperature,  as  in  a  veffel  of  hot  water,  fo  that 
its  cooling  fliall  be  very  gradual,  we  fhall  have 
three  different  ftates  of  cryftalization  produced. 

The 
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The  firft  folution,  hurried  by  a  rapid  evapora- 
tion, produces  only  an  irregular  precipitation  of 
a  confufed  faline  mafs,  without  any  regularity  of 
form.  The  fecond  folution  being  more  gradual, 
the  fait  fhoots  out  into  the  form  of  little  cubes,  or 
by  the  union  of  two  or  three  cubes,  paralleiipipe^ 
dons  *  are  formed.  In  the  third,  where  the  cryf- 
talizing  procefs  is  confiderably  flower,  then  crys- 
tals of  a  more  perfect  form  are  produced.  Iri 
the  firft  folution  the  interpofed  fluid  being  fo 
fuddenly  removed,  the  fait  is  difengaged  with  too 
great  a  rapidity  to  fubmit  to  any  influence  from 
this  principle  of  regularity;  when  the  procefs  i$ 
gentle  and  flow,  the  liquid  in  which  the  faline 
particles  float  being  mildly  removed;  unrefifling 
they  obey  this  arranging  eleclric  power.  If  the 
time  is  much  longer  in  the  formation  of  thefe 
cryftals,  the  more  perfeft  they  are. 

Formerly  falts  were  dnly  diftinguiflied  from 
!lones,  by  being  fdluble  in  water;  and  of  a  cer- 
tain tafle ;  fo  metals  were  diftinguiflied  from  mi- 
nerals by  the  degree  of  fufibility.  The  inaccu- 
racy of  fuch  a  fyftem  immediately  appears,  when 

*  Dans  le  fel  marin*  par  exemple,  dont  les  molecules  inte- 
grantes  font  euentiellement  cubiques,  les  petits  cubes,  en  fe  re- 
uniffaiit  pour  former  un  autre  cubes  plus  considerable,  ne  s'ap- 
pofent  pas  toujours  en  nombre  fufKfant  pour  former  des  cubes 
parfaits,  de forte  quil  ne  refulte  tres  fouvent  de  leur  agregation 
que  des  parallelipipedes  reclangles  plus  ou  moins  larges,  plus  ou 
moins  epais.  Some  de  fljlt, 

we 
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we  find  that  gypfum  is  folublein  water,  and  fchorl 
fufible  by  fire. 

Linnaeus  was  the  firft  who  thought  of  aflbcia- 
ting  oryftalization  to  the  fcience  of  mineralogy* 
and  of  rendering  it  one  of  the  principal  bafes  of 
his  lapidary  fyftem.  In  the  firft  edition  of  his 
Syftema  Naturae,  he  only  particularifed  18  fpe- 
cies;  in  a  fucceflive  edition  he  increafed  them 
to  40.  Some  mineralogifts  rejecT;  this  mode  as 
illufory  and  frivolous;  they  fay  the  form  of  cryf- 
talization is  not  a  conftant  character,  and  more 
equivocal  and  variable  than  any  other  to  charac-* 
terife  minerals:  thus  we  find  Buffbn,  in  his  Na- 
tural Hiftory,  thinks  there  is  more  dependance  on 
the  imperfections  of  a  cryftal  than  the  perfec- 
tions, and  hence  divides  them  into  three  fpecies, 
viz.  laminated  ^filamentous,  and  granular. 

The  accuracy  of  Linnaeus's  fyftem  is  now  de- 
monftrated  by  the  valuable  observations  of  Rome 
de  l'lfle.  n  This  celebrated  Cryftalographift,  in 
his  firft  work,  enumerated  110  fpecies ;  inhislaft 
edition  he  has  increafed  them  to  43$  *.    He  has 

ihewn, 

*  At  prefent  it  can  only  be  cxpe&ed  that  this  fcience  is  in  its 
infancy.  T^he  gypfum,  the  calcareous  fpar,  felenite  fpar,  rock 
cryftal,  granite,  and  mica,  are  tne  only  ipecies  which  are  per* 
fyaps  tolerably  well  known.  The  fchorls,  metallic  and  faline 
cryftals,  perhaps  not  100th  part  is  yet  afcertained.  I  am  in- 
formed that  Monf.  Bournon,  a  gcntlemaa  refident  at  Padding" 

ton, 
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jfhewn,  that  in  cryftals  of  the  fame  fcind  their 
faces  form  with  each  other  the  fame  correfpond- 
ing  angles;  that  even  when  the  faces  or  planes 
vary  in  their  relative  figure  and  dimenfion,  yet 
the  refpe&ive  inclination  of  the  fame  planes  are 
conftant  and  invariable  in  each  fpecies  *. 

When  the  principal  angles,  and  the  regular 
and  diftin&ive  forms  of  a  cryftal  are  known*  the 
intermediate  varieties  are  eafily  ascertained f. 

Bergman,  Abbe  Haiiy,  and  others,  have  at- 
tempted to  demonftrate,  by  geometrical  calcula- 
tions, the  mechanifm  peculiar  to  fome  cryftals, 
which  are  eafily  divided  by  a  cutting  inftrument ; 
they  have  fuppofed  that  all  the  different  forms 
under  which  the  fame  cryftalifed  fubftance  may 
appear,  that  there  is  one  which  may  be  regarded 

ton,  and  very  eminent  in  this  branch  of  Natural  Hiftory,  has 
enumerated  2,000  diftincl:  fpecies. 

From  his  attention,  Dr.  Babbington,  and  others,  we  have 
reafon  to  hope  that  this  fcience  will  be  foon  confiderably  im- 
proved. 

*  Les  faces  d'un  cryftal  peuvent  varier  dans  leur  figure  et  dan$ 
leur  dimenfions  relatives  3  mais  inclinaifon  refpective  de  ces 
memes  faces  eft  conftante  et  invariable  dans  chaque  efpece. 

Rome  de  Tip: 

+  Thus  Rome  de  Title  mews  that  feld  fpars  yet  unknown 
Will  have  right  angles,  as  well  as  of  650,  1150,  1300,  or  of 
150°;  if  there  mould  be  any  new  angles,  they  will  always  be 
found  with  fome  of  the  afore-mentioned  angles,  fo  that  the  fpe- 
cies may  be  known. 
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as  the  primitive  form,  the  other  forms  only  being 
modifications ;  that  the  rhomboidal  form  of  the 
ifland  fpar  is  the  primitive  form  of  all  the  calca- 
reous fpar.    If  in  a  cubic  cryftal  it  is  attempted 
to  divide  it  by  a  feclion  parallel  to  any  of  its  fides, 
there  would  be  confiderable  refinance,  and  only 
irregular  fragments  broke  off ;  if  cut  parallel  to 
the  diagonal,  and  the  cutting  inftrument  inclined 
about  54 f  to  the  fide,  without  any  trouble  a  py- 
ramidal piece  will  be  detached;  it  will  be  fepa- 
rated  in  a  laminated  ftate,  with  that  polifh  which 
Nature  gives;  and  hence,  by  gradual  fmall  fec- 
tions,  equilateral  triangular  lamina  will  be  fepa- 
rated,  increafing  as  approaching  the  centre,  fo 
that  if  the  clivifions  be  fucceflively  continued  on 
the  eight  angles,  in  equal  correfponding  fe£Uons, 
as  thefe  feclions  approach  the  centre  they  will 
mutually  interfecl:  each  other;  fo  that  the  corners 
of  the  triangles  being  cut  off^  the  planes  will  then 
become  hexagonal;  continuing  the  feclions,  the 
laft-formed  nucleus  will  prove  to  be  an  qclahe- 
dron,  with  equilateral  triangular  planes. 

Abbe  de  Haiiy  does  not  aifert  that  a  cubic  cryf- 
tal is  of  itfelf  formed  of  an  oftahedron  propor- 
tionate to  the  whole  mafs,  and  rendered  cubic  by 
hexagonal  and  triangular  lamina;  for  the  fmailelt 
particles  perceptible  by  a  microfcope  have  already 
a  cubic  appearance.,  he  fuppofes  thefe  minute  par- 

Z      '  ticks 
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tides  may  envelope  a  nucleus  of  the  above-men* 
tioned  Form  *. 


*  Abbe  Haiiy  farther  obferves,  that  the  granite  of  24  fide? 
arifes  from  the  juxta  pofition  of  decreafing  rhomboidal  lamina 
upon  the  twelve  fides  of  the  dodecaedral  granite  with  rhomboi- 
dal planes ;  hence  he  concluded  that  the  laft  refulted  from  the 
juxta  pofition  of  four  rhomboidal  parallelipipedons.  In  order 
to  prove  the  errors  of  a  geometric  theory,  Be  1'Ifle  fays  that  the 
fame  granite  may  as  well  refult  from  the  juxta  pofition  of  fix 
oEtaedres  furbaijfes,  fimilar  to  the  figure  of  the  fuppofed  primi- 
tive of  the  cryftals  of  tin.  As  there  are  many  dodecaedral  gra- 
nites with  rhomboidal  planes,  whofe  flria,  far  from  being  in  a 
feries  of  decreafing  rhombs,  are  feen  in  the  24  fided  granite, 
with  trapezoidal  faces,  but  a  feries  of  continually  diminiming 
fquares  5  fo  that  the  above  theory  is  only  applicable  to  certain 
varieties. 
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CRYSTALLIZATION  OF  BODIES 

■        *?      *  ^  ...... 

RENDERED 

FLUID  BY  HEAT. 


have  already  feen  that  the  conflituerit  par« 
tides  of  minerals,  when  feparated  by  an  inter-* 
pofed  liquid,  and  allowed  gradually  to  unite* 
arrange  themfeves  in  perfeEt  fymmetric  order* 
commencing  atNa  centre,  and  gradually  increafing 
themfelves  equally  all  around. 

When  the  conftituent  particles  undergo  that 
change  we  have  already  dbferved  in  becoming 
fluid  by  fire,  if  they  are  placed  in  fuch  a  fitua- 
tion  as  to  {lowly  lofe  their  caloric,  they  are  fab- 
je£t.  to  the  fame  influencing  principle,  and  ar- 
range themfelves  in  peifeQ:  order;  infteadof  act- 
ing from  a  centre,  they  terminate  here,  and  com-* 
menee  from  the  circumference. 

Z  2  This 
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This  is  the  reafon  why  the  conftituent  particles 
of  bodies  rendered  fluid  by  heat  are  more  firmly 
united  than  the  arrangement  of  thofe  held  in 
watery  folutions.  In  the  cryftallizations  of  falts, 
each  particle  ads  uncontrolled  by  any  furround- 
ing  medium;  not  fo  with  melted  metals ;  the  fur- 
face  is  firft  cooled,  and  which  neceflarily  pre- 
vents the  expanfion  of  the  interior  portion,  fo 
that  the  conftituent  particles  are  gradually  more 
and  more  wedged  with  each  other. 

Glafs,  when  fufed  and  left  gradually  to  cool, 
inftead  of  forming  a  folid  tranfparent  mafs,  fhoots 
out  into  figured  cryftals,  the  conftituent  particles 
being  rendered  fpherical  by  caloric;  by  {lowly 
lofing  this  expanding  principle,  they  gradually 
recover  their  native  form,  and  confequently  in  a 
more  perfect  ftate  of  union. 

If  the  glafs  is  fuddenly  cooled,  then  the  de- 
viation from  the  fpherical  ftate  of  the  integrant 
particles  muft  be  lefs ;  and  the  gradual  arrange- 
ment which  otherways  would  take  place  being 
thus  deftroyed,  are  caufes  why  their  union  is  fo 
snconfiderable. 

In  order  to  have  a  perfect,  regular,  and  even 
furface  of  a  glafs,  that  it  may  equally  and  pro- 
perly reflect  the  rays  of  light,  the  circumftance 
of  its  cooling  gradually  is  particularly  attended 
to.  This  we  fee  in  the  manufactories  for  plate 
glafs;  after  the  plate  is  caft,  it  is  placed  in  an  an- 
nealing 
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nealing  oven  for  nine  or  ten  days,  and  the  fire 
gradually  diminifhed. 

So  with  glaffes  for  common  ufe  3  they  break 
with  the  leaft  agitation  if  they  have  not  been  ex- 
pofed  to  the  annealing  {late. 

This  is  the  reafon  why  thofe  glaffes,  which  are 
known  at  the  glafs-houfes  by  the  names  of  proofs, 
although  fome  of  them  are  three  eighths  or  half 
an  inch  thick,  break  with  the  fiighteft  tremor. 

This  experiment  excites  at  firlt  a  considerable 
degree  of  furprife;  a  piece  of  lead,  or  any  other 
inelaftic  fubftance,  of  an  ounce  or  two  weighs 
dropped  within  one  of  thefe  veffels,  no  elieci  is 
induced;  the  minuted  fliiver  of  fiini  i  glafs,  or 
any  thing  that  by  its  own  electricity  will  excite  a 
tremor,  the  bottom  of  the  glafs  in  the  thickeft 
part  immediately  breaks. 

When  a  glafs,  or  any  elaftic  body,  is  thrown 
into  a  tremulous  ftate,  fuch  is  induced  by  the  ac- 
tion and  re-a£tion  of  every  condiment  particle  of 
the  body.  It  is  eafily  fhewn  how  a  large  and 
thick  glafs  receiver  lofes  its  circular  ftate,  and 
becomes  elliptical  *  by  the  fiighteft  tremor ;  the 

*  If  a  glafs  receiver,  as  is  ufed  for  the  air  pump,  be  well 
fecured  in  a  frame,  if  two  fcrews  be  covered  with  ink  or  any 
marking  fubftance,  be  applied  on  the  outiide  of  the  receiver  in 
oppofite  parts,  fo  as  to  be  one  eighth  of  an  inch  from  being  in 
contact  with  the  glafs,  on  ftriking  the  receiver  there  will  be  ob- 
ferved  on  each  fide  a  black  fpot,  which  could  not  have  been 
aiFe<5led  in  both  places  without  a  change  in  form  of  the  receiver. 
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Amount  of  this  altered  ftate  is  equal  to  the  funi 
of  all  the  actions  of  the  integrant  parts  of  the 
glafs.  When  the  glafs  is  annealed,  there  is  the 
more  intimate  union  of  the  particles,  from  their 
native  form  being  thus  refumed.  When  the  cool- 
ing is  hurried  the  union  is  fo  imperfect,  that  the 
flighteft  tremor  produces  a  feparation :  the  frac- 
ture takes  place  in  the  thickeft  part  from  the 
fame  caufe,  viz.  the  tremor  not  being  equally 
diffufed,  the  part  which  is  thrown  into  agitation 
is  additionally  refilled  by  the  diffonance  of  the 
contiguous  lamina. 

So  unannealed  glaffes,  in  the  form  of  a  bell, 
will  not  admit  of  that  expanfion  which  is  induced 
by  the  warmth  of  a  hand,  without  a  folution  of 
continuity. 

A  common  glafs  goblet  fome  people  will  break 
with  their  voice,  by  applying  the  mouth  to  its 
edge,  and  bringing  their  voice  to  a  pitch  iri 
unifon  with  the  glafs,  and  gradually  increafing 
the  fame  note,  the  glafs  will  break;  the  aQiori 
and  reaction  of  the  conftituent  particles  being 
increafed,  till  the  accumulated  powers  caufe  a 
difunion. 

This  aftion  and  re-a£lion  of  the  minuter  par- 
ticles cannot  be  reduced  to  any  numbers :  it  is  on 
this  account  we  muft  never  expect  a  true  eftimate 
of  the  mechanical  power  of  the  wedge ;  we  find 
a  wedge  will  not  penetrate  a  body  when  a  thou* 
fand  weight  is  laid  upon  its  back,  and  which  can 

be 
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be  effe&ed  by  a  gentle  percuflive  force ;  a  little 
agitation  throws  the  conftituent  particles  into  a 
tremulous  motion,  and  at  the  inftant  of  relaxation 
the  wedge  penetrates, 

The  Batavian,  or  Prince  Rupert's  Drops* 

Thefe  glafs  drops  are  in  England  commonly 
known  by  the  name  of  hand  crackers,  of  a  pear- 
like form,  with  a  long  tail;  when  a  fmall  part  of 
the  tail  is  broke  off,  the  whole  drop  is  reduced 
into  powder;  this  appears  the  more  furprifing,  as 
it  is  with  difficulty  that  the  larger  part  can  be 
broke  by  a  hammer. 

They  are  made  by  letting  drops  of  melted 
glafs  fall  into  a  veffel  of  cold  water. 

The  tails  are  afterwards  drawn  out  by  means 
of  a  lamp;  the  glafs  is  very  rapidly  cooled,  and 
confequently  in  a  very  unannealed  ftate;  the  ex- 
ternal furface  oPthe  glafs  is  firft  cooled,  and,  as 
before  obferved,  the  conftituent  particles  in  a 
very  imperfeft  ftate  of  union ;  the  interior  por- 
tions of  the  drop  are  flower  in  their  cooling,  as 
they  approach  the  centre,  fo  that  every  fuccefiive 
portion  will  have  their  conftituent  particles  in  a 
more  perfeB  ftate  of  union,  and  confequently  in 
a  ftate  of  greater  approximation;  as  fuch  every 
interior  portion  will  recede  from  the  exterior, 
forming  involucra,  like  the  concentric  partitions 

of 


of  an  onion.  All  thefe  fpaces  muft  be  in  the 
moft  perfect  ftate  of  exhauftion,  free  from  every 
particle  of  air. 

When  the  glafs  is  intermixed  with  any  extra- 
neous matter,  the  regularity  pf  thefe  involucra 
is  neceffarily  deftroyed,  and  in  that  point  we 
fee  a  little  bubble;  as  thefe  drops  are  made  of 
the  moft  inferior  ingredients,  there  are  many  of 
thefe  bubbles. 

That  there  are  intervals  of  fpace  in  a  ftate  of 
exhauftion  may  be  farther  proved  by  rendering 
the  drops  foft  by  heat;  the  bubbles  diminifh 
from  the  glafs  by  the  preflure  of  the  atmofphere 
being  compreffed. 

When  a  portion  of  the  tail  is  broke  off,  a 
communication  is  formed  between  the  atmof- 
phere and  thefe  concentric  vacua ;  the  air  rufhes 
in  with  violence  into  all  the  exhaufted  intervals  5 
each  vitreous  involucrum  yielding  to  the  tremu- 
lous impulfe,  the  conftituent  particles  feparate> 
2nd  the  whole  falls  into  ruins. 


GENERAL 
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GENERAL  CONCLUSION, 

That  the  condiment  particles  of  any  body 
may  arrange  themfelves  in  fymmetric  order,  it  is 
previoufly  neceflary  that  they  mould  be  in  a  li- 
quid ftate^  either  rendered  fluid  by  caloric,  or 
held  in  folution.  By  what  means  fuch  large 
eryftallifed  maffes*  which  are  obferved  arranged 
in  the  Alpine  mountains,  where  regular-formed 
quartz  is  found  in  abundance,  is  a  fubjeft  which 
has  been  much  difputed.  The  Scheuchzers  who 
ftudied  among  the  fteep  mountains  of  Switzer- 
land, amid  rocks  of  granite,  petrofilex,  andjai- 
per,  had  recourfe  to  the  power  of  the  Almighty, 
who  broke  in  pieces  thefe  ftrata,  and  elevated 
the  fplinters  into  the  form  of  mountains.  While 
Stenon,  Hamilton,  Buffon,  and  others,  who  only 
contemplated  burning  mountains,  and  traces  of 
volcanic  productions,  imagined  the  earth  to  have 
been  liquefied  by  fire;  and  Woodward,  from  ob- 
ferving  fhells  and  remnants  of  animals  buried  in 
the  earth,  remote  from  the  fea,  fuppofed  the 

*  Hottinger  fays>  that  in  the  country  of  Valais  there  are 
perfect  cryftallifed  quartz,  6olb.  in  weight.  Kircher  allures 
us  he  had  met  with  fome  above  loolb.  The  Scheuchzers  had 
fome  in  their  collection  2501b.  In  the  Leverian  Mufeum  there 
is  the  fineft  and  largeft  fpecimen  in  Gresit  Britain. 

A  a  globe 
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globe  was  in  a  fluid  ftate  by  water;  he  thought 
the  ftrata  were  regulated  by  their  fpecific  gra- 
vities. 

Rome  de  lTfle  thinks  primitive  mountains 
are  the  effects  of  cryftallization,  the  fecond  in  or- 
der from  fab-marine  depofitions,  and  the  more 
modern  volcanic. 

That  the  earth  has  been  in  a  fluid  ftate  is  far- 
ther demonftrated  from  the  globe  being  flat- 
tened at  the  poles,  a  circumftance.  which  could 
not  have  been  induced  by  any  centrifugal  power,, 
had  not  the  earth  been  in  a  liquid  fiate. 

If  the  whole  had  been  liquefied  by  caloric, 
there  are  many  fubftances,  as  quartz,  &c.  would 
not  have  been  cryftallifed  \  and  even  bafaltes  have 
been  obferved  enveloping  watery  cryftals  of  zeo- 
lite, which  could  not  have  exifted  had  the  ba- 
faltes been  fluxed  by  fire. 

Throughout  the  whole  material  world  we  fee 
diverfay  of  arrangements,  and  combinations  of 
the  constituent  particles ;  the  difengagement  of 
one  principle  giving  energy  to  another,  recipro- 
cally changing  their  fituations,  to  give  aclivity 
to  the  whole.  If  we  admire  thefe  mutual  influ- 
ences, how  exalted  mult  our  admiration  be  when 
contemplating  the  effects  of  living  powers.  If 
we  are  pleafed  with  viewing  the  procefs  of  cryf- 
tallization, what  muft  we  feel  in  feeing  the  ftate 
of  organization.  In  the  minuteft  part  of  ani- 
mated nature,  difcernible  by  our  fenfes,  what 
t  refources, 
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refources,  powers,  and  motions,  are  enclofed  in 
-the  fmall  portion  of  matter  which  compofes  the 
body!  What  properties,  what  harmony,  and 
what  correfpondence  between  thefe  parts!  How 
many  combinations,  arrangements,  and  principles 
-concurring  to  one  end !  When  to  thefe  reflec- 
tions we  add  thofe  which  arife  from  a  contempla- 
tion of  the  powers  of  fucceflion  and  reproduc- 
tion, how  loft  v/e  are  to  all  conception  of  this 
fpiritual  part. 

"  Behold  this  midnight  glory,  worlds  on  worlds  ! 

"  Amazing  pomp  !  Redouble  this  amaze ; 

"  Ten  thoufand  add.;  and  twice  ten  thoufand  more; 

ie  Then  weigh  the  whole;  one  foul  outweighs  them  all, 

u  And  calls  th'  aftonifhing  magnificence 

fe  Of  unintelligent  creation  poor." 

finis. 
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MEDICAL  ELECTRICITY, 


The  beneficial  effects  which  have  been  experienced 
by  the  application  of  electricity  in  variety  of  difeafes, 
render  it  neceffary  for  every  practitioner  to  medicinally, 
examine  this  pervading  principle. 

As  our  knowledge  of  this  branch  of  philofophy  is  yet 
in  its  infancy,  it  requires  the  united  obfervations  of 
many  individuals  before  its  influence  on  our  organization 
can  be  well  afcertained.  Every  complaint  in  which  it 
may  be  adyantageoufly  employed  mould  be  accurately 
characterifed,  and  its  effects  in  every  ftage  of  the  difeafe; 
carefully  ftated,. 
,  With  fuch  a  profeffional  confideration,  C.  Wilkin- 
son has  fitted  up  a  fpacious  apartment  at  his  houfe, 
with  an  appropriate  and  extenfive  apparatus ;  by  em- 
ploying electricity  on  an  extenfive  fcale,  he  flatters  him- 
felf  he  may  be  hereafter  enabled  to  make  fome  ufeful 
inferences. 

Every  cafe,  to  the  utmoft  of  his  power,  he  purpofes 
to  accurately  mark  down,  to  obferve  the  ftated  periods 
when  any  effects  are  induced,  the  degree  of  power  em- 
ployed, and  the  requifite  time  for  its  application  parti- 
cularifed. 

To 
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To  apply  electricity  to  every  difeafe  indifcriminately, 
with  the  fame  degree  of  force,  &c.  would  be  as  empi- 
rical as  to  prefcribe  any  particular  medicine  as  an  uriver- 
fal  remedy. 

To  accommodate  thofe  who  prefer  the  adminiftration 
of  electricity  at  their  own  houfes,  C.  Wilkinson  has 
arranged  a  number  of  portable  electrical  machines,  which 
he  equally  fuperintends. 

Thofe  medical  Gentlemen  who  favour  him  with  any 
directions  of  the  mode  in  which  they  wifh  it  mould 
be  applied,  may  depend  upon  the  moil  punctual  atten? 
lion. 

Every  year  C.  W.  propofes  to  make  a  felection  of 
thofe  cafes  which  may  Come  under  his  immediate  caref 
fubrnit  them  to  the  Public, 
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INTRODUCTORY  LECTURE, 

MECHANICS. 

Lect.  I.  THE  properties  of  matter  explained — That  mat* 
ter,  in  a  folic!  or  fluid  ftate,  has  its  ultimate  particles  in  actual 
contact— -The  increafe  of  fpecific  gravity  of  bodies  going  from 
a  folid  into  a  fluid  flate  explained  on  mechanical  principles, 
without  the  neceffity  of  adopting  the  incomprehenfible  fyftem  of 
fpheres  of  attraction  and  repulfion — That  fluid  matter,  when 
entering  into  a  folid  ftate,  haying  its  particles  difpofed  in  a  cer* 
tain  arrangement,  lhewn  to  probably  arife  from  the  influence 

of 
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of  fome  active  principle  as  electricity,  according  as  the  capaci- 
ties of  bodies  may  be  increafed  or  diminished — The  effect  lhewn 
of  electrified  folutions  in  the  confequent  cryftallizations — The 
genera  of  cryftals,  and  the  fpecies  arifing  from  each  genus, 
thewn  and  explained. 

Lect:  II.  On  the  laws  of  motion  and  compofition  of 
forces,  with  the  doctrine  of  centripetal  and  centrifugal  powers. 
Lect.  III.  Mechanical  powers  illuftrated  by  machines": 
Lect.  IV.  The  mechanical  power  of  the  animal  economy 
as  mufcular  action — The  powers  of  the  heart — The  theories  of 
Borejli,  Lower,  Bellini,  Harvey,  Keil,  Hales,  and  Wilfon  ex- 
amined, and  the  great  utility  of  a  mechanical  knowledge  to  the 
furgical  practitioner,  illuftrated  in  a  variety  of  cafes. 

OPTICS. 

Lect.  V.  Of  the  properties  of  light,  and  the  doctrine  of 
the  prifm. 

Lect.  VI.  Of  lenfes  and  mirrors — Reflection,  refraction, 
and  inflection,  fhewn  to  raoft  probably  depend  on  a  certain  ar- 
rangement of  the  fmaller  particles  of  matter,  and  not  from 
aetherial  atmofpheres,  as  Newton  conjectured. 

Lect.  VII.  Of  the  eye — The  denfities  of  the  different  me- 
dia determined  on  hydroftatical  principles — The  decuffated  ftruc- 
ture  of  the  cornea  of  thofe  infects  that  are  deprived  of  any  ro- 
tary motion  of  the  head,  hence  enabled  to  fee  all  around— • 
The  loricated  ftate  of  this  part  in  birds  ftiewn  to  be  admirably 
calculated  for  viewing  objects  in  the  different  aerial  media  ill 
which  they  are  immergcd — The  ufe  of  the  aqueous  humour—; 
The  exquifite  fenfibility  of  the  iris,  accommodating  itfelf  fo  as 

to 
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to  admit  nearly  an  equal  intenfity  of  light — The  cryftalllne 
lens — Its  laminated  ftate,  confirming  of  ftrata  of  different  denfi- 
ties,  fhewn  to  be  admirably  contrived  for  correcting  the  aberra- 
tion of  the  rays  of  light — The  different  convexities  of  its  dif- 
ferent fides,  the  actual  fibrous  appearance  that  can  be  (hewn* 
render  it  probable  that  the  power  of  the  eye,  in  accom  modating 
itfelf  to  objects  at  different  diftances,  is  vefted  in  this  lens — Geo- 
metrically demonftrated  that  it  cannot  be  in  the  cornea,  and 
that  the  ciliary  zone  feems  calculated  by  occafional  contraction 
to  prevent  any  corrugation  of  the  furrounding  capfule,  when 
the  furface  of  the  lens  is  diminifhed  on  account  of  its  affuming 
a  more  ipherical  form — The  fibrillated  texture  of  the  retina 
lhewn,  and  the  remarkable  coincidence  of  thefe  delicately-formed 
fibres  with  refpect  to  the  angles  the  leaft  vifible  objects  fubtend— - « 
The  theories  of  Kepler,  Des  Cartes,  Newton,  Le  Cat,  De  la 
Hire,  Pemberton,  Smith,  Porterfield,  Reid,  Hunter,  and  Home^ 
examined.  , 

Lect.  VITL  On  the  firnple,  compound,  and  folar  micro* 
fcopes — The  method  of  arranging  the  glaffes,  calculating  their 
power,  and  preparing  objects  j  and  how  the  prefent  ftructurc 
might  be  improved — Of  refracting,  achromatic,  and  reflecting 
telefcopes — Of  many  optical  deceptions. 

PNEUMATICS,  HYDROSTATICS,  AUtD  METEORO- 
LOGY. 

Lect.  IX.  An  examination  into  the  different  gafes,  as  far 
is  relates  to  experimental  philofophy— Their  production,  dif* 
ferent  gravities,  properties,  &c. 


Lect, 
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Lect.  X.  On  found — Why  its  propagation  exceeds  thirteen 
times  the  velocity  of  the  moft  violent  wind — Shewn  to  arife 
from  no  other  change  ©f  place  in  the  aerial  particles,  than  theif 
tremulous  actions  and  re-aclions— -The  effect  of  an  undulatory 
percuffion  on  the  auditory  organ — The  admirably  contrived 
ftructure  of  the  exterior  portion  of  the  ear — The  analogy  be- 
tween the  membrana  tympani  and  the  cryftalline  fhewn — The 
The  mechanical  advantage  derived  from  the  officula,  not  only 
determining  the  action  to  the  membrana  feneftrae  ovalis,  but 
acting  as  fo  many  levers  increafmg  its  powers — Euftachian  tube, 
formed  for-  preferving  a  proper  ten  fion  of  the  membrana  tym- 
pani— The  labyrinth — The  aqueous  fluid  with  which  it  is  replete, 
producing  an  extenlive  impreffion  on  the  nervous  expanfion  with 
which  it  is  lined — Its  greater  fenfibility  than  the  retina  fhewn 
by  its  retaining,  in  a  given  time,  a  greater  number  of  im- 
preffions. 

Lect.  XI.  Harmonics — The  monocbord — The  analogy 
fhewn  by  Newton  fubfifting  between  its  division  and  the  prif- 
matic  decompofition— Of  the  nature  of  fonorous  bodies — Of 
the  production  of  mufical  founds,  confonances,  and  dinonance* 
— The  Galilsean  comparifon  of  the  vibrations  of  a  mufical  ftring 
with  thofe  of  a  pendulum — On  echoes,  whifpering  galleries,  &c. 

Lect.  XII.  On  the  weight  of  the  atmofphere,  (hewn  by  the 
air  pump,  with  a  variety  of  mifcellaneous  experiments+—The 
barometer,  pumps,  fire  engines,,  condemning  machines,  &/c. 

Lect.  XIII.  Of  fluidity-— The  a&ion  of  fluids  od  bodies 
ircmerfed  in  them — The  method  of  eftimating  their  fpecific 
gravities — The  method  at  prefent  adopted  by  fuch  means  of  dif* 
covering  the  proportion  of  a  known  alloy  mixed  with  gold  ot 
ether  valuable  metal,  fhewn  not  to  be  perfect, 
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„  Lect.  XIV.  On  the  Hydrometer — Syphon — Reciprocating 
iprings,  fountains,  rivers,  and  feas — Diving  bell— Hook's  ex- 
ploratory winds,  thermometers,  &c. 

MAGNETISM. 

Lect.  XV.  Iron,  the  only  fubflance  fufceptible  of  being 
influenced  by  it ;  others,  as  Nickel,  &c.  being  only  fo  in  pro- 
portion as  they  are  combined  with  it — Of  the  action  of  the 
magnetic  poles— How  to  render  iron  magnetic' — An  enquiry 
into  its  directive  powers — Of  the  variation,  inclination,  &c— - 
The  hypothefes  of  Halley,  Whifton,  iEpinus,  Wargentin,  Van 
Swinden,  Dalton,  and  Lorimer — The  coincidence  of  the  line 
of  no  variation  with  the  vertex  of  thofe  irradiated  electrical 
emanations  in  the  air,  called  Aurora  Borealis: — Various  mag- 
netic deceptions. 

ELECTRICITY. 

Lect.  XVI.  An  investigation  into  the  nature  of  this  fluid, 
fay  comparing  its  properties  with  thofe  of  light — Caloric,  mag- 
netifm,  and  the  aether  of  Newton — Shewn  to  be  none  of  thefe 
•—That  from  fome  of  its  effects  it  may  be  the  refult  of  a  binary 
combination  of  light  and  caloric— Its  production  by  the  ex* 
citement  of  various  fubftances  by  the  hand — Its  extrication  by 
the  contact  of  two  bodies,  or  its  difengagement  by  the  applica- 
tion of  caloric,  as  produced  by  the  jmmerfion  of  the  tourmaline, 
topaz,  &c,  in  boiling  water, 

Lect.  XVII.  On  the  conftrudtion  of  electrical  machines— 
The  various  forms  in  which  they  are  made  examined — A  com- 
parifon  between  the  belt  cyiindric  forms  of  Nairnes,  and  the 
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plate  machine  of  Dr.  Ingenhoufz,  as  at  prefent  fuperiorly  coir- 
ftructed  by  Mr.  Cuthbertfon — On  Conductors — How  far  it  is 
advantageous  to  have  an  extenfive  furface — Shewn  to  be  injuv 
rious  in  charging  a  battery — On  the  cufhions,  infulations^ 
points,  &c. 

Lect.  XVIII.  On  the  Levden  phial — The  theories  of 
Franklin,  Eeles,  Symner,  De  Luc,  Bennet,  Morgan,  Reid,  &c. 
fhewn  to  be  inadequate  to  its  folution — The  various  ideas  re- 
specting pofitive  and  negative  electricity — Cavallo's  explanation 
i)f  the  repulfion  between  negative  electrified  balls  unfatisfactory. 

Lect.  XIX.  On  electrofcopes,  electrometers,  electrophori, 
doublers,  collectors,  &,c. 

Lect.  XX.  On  atmofpherical  electricity — T?he  phenomena 
of  thunder  and  lightning — The  theory  of  Lord  Stanhope  re- 
fpecting  the  returning  Stroke,  and  the  opinion  of  Morgan  exa- 
mined'— The  production  of  fire-balls,  (hooting  ftars,  Northern 
lights,  comets'  tails,  hail,  fnow,  and  rain ;  how  far  dependent 
on  electricity. — .The  theories  of  conductors,  whether  points  or 
"balls  are  more  eligible — The  opinions  of  Franklin  and  Wilfon 
thereupon. 

Lect.  XXI.  An  examination  into  the  properties  of  th« 
electric  fluid  in  different  gafes,  and  the  increafe  of  fome  and  di- 
minution of  others  in  their  bulk — The  production  and  decom- 
pofition  of  water  by  electricity — The  calcination  of  metals— 
The  beautiful  appearance  of  the  oxyds  when  thrown  on  paper—- 
The  opinions  of  Van  Marum — An  examination  whether  light 
appertains  to  the  electric  fluid,  or  elicited  from  the  bodies  through 
which  it  panes — Whether  apparent  in  a  good  Torricellian 
vacuum. 
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Lect.  XXII.  On  animal  and  medical  electricity— the 
great  fenfibility  in  the  mufcular  fibres  of  fome  of  the  imperfect 
animals,  as  frogs,  &c.  being  thrown  into  action  by  the  applica- 
tion of  two  different  metals,  on  forming  a  connection  between 
them,  fhewn  to  moft  probably  arife  from  the  different  capacities 
of  the  metals  for  giving  out  or  abforbing  ele&ricity'^by  the  clofe 
contact  of  fome  fubftance,  and  hence  the  evolution  may  imprefs 
parts  endued  with  the  remnants  of  life,  although  its  exiftence 
not  afcertainable  by  the  moft  delicate  ele6lrofcopes — This  ren- 
dered probable  by  fhewing  that  the  mufcles  of  a  frog  are  thrown 
into  action  at  a  much  greater  diftance  from  an  excited  machine, 
than  any  electrofcope — That  it  is  not  fimilar  to  the  torpedo, 
gymnotus,  or  filurus — Thefe  electric  organs  examined— How 
probably  the  electricity  may  be  generated,  and  how  evolved— 
"Why  thefe  animals,  however  irritated,  never  throw  themfelves 
into  a  flate  for  its  accumulation,  till  a  previous  circuit  is  formed 
— The  theories  of  Galvani,  Valli,  Monro,  and  Fowler  exa- 
mined— The  effects  of  electricity  on  an  animal  body  medically 
confidered. 

ASTRONOMY. 

Lect.  XXIII.  The  fituation  and  fize  of  the  fun,  and  his 
double  motions — The  faculae  that  appear  on  his  difk — The  pri- 
mary and  fecondary  planets,  their  orders,  revolutions,  magni- 
tudes, and  diftances,  with  their  reciprocal  gravitating  power 
explained. 

Lect.  XXIV.  The  fituation  of  the  earth,  and  its  triplicate 
motion— -The  difference  of  feafons — The  moon  and  her  various 
phafes  explained. 
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Le.ct.  XXV.  The  method  ©f  calculating  folar  and  lunar 
eclipfes — Tranfits  of  the  inferior  planets — An  examination  into 
the  various  ideas  of  fanciful  aftrologers  refpe&ing  planetary  in- 
fluence, how  far  fuch  a  power  may  probably  exift — The  wonder- 
ful action  of  the  fun  and  moon  in  producing  tides,  &c. 


Thefe  Ledures  are  illuf  rated  hy  a  great  variety  of  Philofophical 
and  Agronomical  Inftruments :  other  particulars  may  be  known 
ly  application  to  Mr.  Wilhnfon,  Perfons  preferring  private 
inftruclions  in  any  of  the  ahpve  fciences  may  receive  fuch  hy  aU 
tendance  on  Mr.  W> 


NOTE, 


In  the  algebraical  demonftratlons,  I  have  not  thought 
any  illuftrative  figures  were  requifite ;  they  could  not  be 
neceffary  to  the  mathematical  reader,  nor  of  any  ufe  t& 
one  unacquainted  with  the  principles  of  geometry.  It 
may  be  proper  to  obferve,  that  in  the  afcertainment  of 
the  centres  of  gravity  and  percuflion,  A  B  is  fuppofed  in 
both  to  be  the  length  of  the  cylinder,  and  E  F  the  dia- 
meter of  the  circular  end.  In  order  to  determine  the 
ftrength  of  a  cylinder,  it  is  fuppofed  one  end  A  fattened 
to  a  block  CD,  and  a  weight  D  W  acling  on  the  other 
end'B,  the  weight  increafed  till  the  cylinder  is  broke? 
the  tranfverfe  fection  is  exprefled  by  ERG,  which  mull 
be  fubftituted  for  abc^  which,  by  miftake  was  placed  as 
expreffing  the  tranfverfe  fecvtion. 

In  the  demonftrations  of  the  fpine,  and  not  being  of 
a  ferpentine  form,  only  the  points  of  inflection  and  re~ 
trogreflion  are  particularifed. 

In  the  calculation  of  the  powers  of  birds  the  decimal 
has  been  omitted ;  itoftead  of  a  cubic  foot  of  air  weigh- 
ing 12  ounces,  it  mould  be  exprefled  1  .  2  ounces,  and 
ultimately  the  fum  of  the  powers  2oolb, 


